Integrated Hydhogeological and Hydrochemical Studies in Muzaffarnagar District, Western Uttar Pardesh by Hasan, Nurul
INTEGRATED HYDHOGEOLOGICAl. AND 
HYDROCHEMICAL STUDIES IN 
MUZAFPARNAGAR DISTRICT. 
WESTERN UTTAR PARDESH 
mSSERTATION 
SUBMITTED IN PARTIAL FULFILMENT OF THE 
REQUIREMENTS FOR THE AWARD OF 
THE DEGREE OF 
Muittx of $J|iIo£?opf)p 
IN 
GEOLOGY 
BY 
NURUL HASAN 
(M. Sc. Alig.) 
Under the Supervision of 
DR. SHADAB KHURSHID 
Reader 
DEPARTMENT OF GEOLOGY 
ALIGARH MUSLIM UNIVERSITY 
A L I G A R H ( I N O I A ) 
1 9 9 0 
DS1981 
DEDICATED TO 
THE LOVINC MEMORY OP 
MY 
GRANP MOTHER 
SH4DAB kHUkiHID 
Principd Invest igate 
No IHRPOEOLI 
[ Officp 5615 Res 5'J7« 
H I N D O N RIVER BASIN PROJECT 
DEPARTMENT OF GEOLOGY 
AI.U.ARH MUSLIM I M V L i t S M ^ 
AI lOARH-202()()l ( iMJIA) 
Dated.. n:> 
CERTIFICATE 
This i s to cer t i fy tha t the d i s se r t a t i on ent i t led "Integrated 
Hydrogeological and Hydrochemical Studies in Muzaffamagar 
d i s tr i c t . Western Uttar Pradesh" i s an or ig inal contr ibut ion of 
MR.NURUL HASAN in the Hyderogeoloy/Environmental geology which 
was c a r r i e d out under my supe rv i s ion . It has not been pub l i shed 
in p a r t s or full anywhere e l s e . 
MR. HASAN i s allowed to submit t h i s work for the award 
of M . P h i l , degree of Aligarh Muslim Univers i ty , Al igarh . 
A U : f —• ^ . J X 
{ DR. SHADAB KHURSHID ) 
Supervisor. 
ACKNOWLEDGEMENT 
Fi r s t of a l l le t me thank Almighty God, for i t i s indeed 
His blessing alone t h i s work has been completed amidst a number 
of hurd les and obs t ruc t ions . 
I have no words to e x p r e s s my s incere g ra t i tude to my 
supe rv i so r , DR. SHADAB KHURSHID, Reader, Department of Geology, 
Aligarh Muslim Univers i ty , Aligarh, under whose benign and ab le 
guidance t h i s s tudy has been completed, without h i s constant 
encouragement and va luable suggest ions, i t would have not been 
pos s ib l e for me to complete t h i s work. 
My s incere thanks a re due to Prof. S.H. I sra i l i , Chairman 
Department of Geology, A.M.U. Aligarh, for providing a l l f ac i l i t i e s 
that I needed for my work 
It i s r ea l ly a p r i d e for me to thank my b r o t h e r Mr. Zubair 
Ahmad, who has a lways been kind to me during t h i s inves t iga t ion . 
It ' i s my firm conviction that without h i s enormous he lp and 
encouragement, It was not poss ib l e for me to complete t h i s p resen t 
work. I am heav i ly indebted to him. 
My affectionate thanks a re due to my we l lwishe r s , MR. 
MUJAHID ALI and CHOUDHARY SUNIL KUMAR, who p layed a v i t a l ro le 
in completion of my work by encouraging me. 
I must equal ly and s incere ly thank to MR. A.K. GUPTA, 
Hyderologis t , Ground Water Department, Roorkee and MR. ABRAR 
HUSAIN, Hyderogeologist C.G.W.B. Lucknow for t h e i r kind suggestions 
he lp and provid ing necessary informations. 
I wish to record my deep sense of g r a t i t ude to MR. MOHD. 
FURQUANULLAH, L iabrar ian N. I .H. Roorkee and MR. MOINUDDIN for 
t h e i r he lp and encouragement. 
My s ince re thanks a r e a lso due to MR. FIROZ JAVED for 
h i s va luab l e ass i s t ance in t h e ana ly t ica l work. 
I must p lace an record my thanks to my col leagues , 
DR.NASIR A. RIZVI.KR. FARAHIM KHAN, MR. MOHD. ARIF K.A. , 
MR.HAMID RIZVI AND MISS REHANA YUSUF for t h e i r h e l p at d i f fe ren t 
s t a g e s . My hear t fu l t hanks ae?e a lso due to my f r i ends , . Messe r s 
I.A.KHAN, I . MEHMOOD, ZILLUR-RAHMAN, SHOIB AZIZ, HILAL AHMAD, 
MIRZA S. BAIG, MANSOOR KHAN, Q. KHAN AND DR. ZULKIFLE. 
I would miss in concluding t h i s acknowledgement if I d i d 
not mention my indeb tness to MR. ISBAH KHAN, a t rue f r iend , whose 
love , affection and encouragement were the rea l sources beh ind me 
to complete t h i s work. I be l i eve , he wil l be the h a p p i e s t soul on 
t h i s e a r t h to see t h i s work completed, alongw/ith my family members . 
Last but not the l ea s t , I am h igh ly thankful to MR. MOHD. 
HASAN for typing t h i s manuscr ip ts and MR. VINOD KUMAR for n ice 
c a r t o g r a p h i c work. 
( NURUL HASAN ) 
CONTENTS 
CHAPTER-I 
CHAPTER-II 
CHAPTER-III 
CHAPTER-IV 
CHAPTER-V 
CHAPTER-VI 
LIST OF TABLES 
LIST OF PLATES 
INTRODUCTION 
PHYSIOGRAPHY AND LANDUSE PATTERN 
LIIWOSTRATIGRAPHY OF THE AREA 
HYDROGEOLOGICAL SETTING OF THE AREA 
GROUNDWATER STATUS 
(i) Occurrence and movement of 
Groundwater 
(ii) Evolution and Delineation of 
Aquifers 
(iii) Assessment of groundwater 
potential in the area 
ANALYTICAL TECHNIQUES AND SAMPLING 
PROCEDURES 
CHAPTER-VII WATER QUALITY OF THE AREA 
SUMMARY & CONCLUSION 
REFERENCES 
APPENDIX 
i 
ii 
1 
7 
19 
24 
33 
34 
43 
48 
105 
126 
170 
177 
206 
********** *********** 
***************** 
************* 
********* 
***** 
* 
- i -
LIST OF TABLES 
Tab le -1 T e h s i l s and Blocks . . . -9 
Table -2 Land u t i l i z a t i o n f i g u r e s . . . 10 
Tab l e -3 Showing P r i n c i p a l c r o p s i n the d i s t r i c t . . . 11 
Mu zaf f a r n a g a r 
Tab le -4 D e t a i l s of t h e i r r i g a t e d a rea . . . 11 
T a b l e - 5 showing e x i s t i n g i n d u s t r i e s i n Muzaffarnagar 13 
Tab le -6a R a i n f a l l i n d i f f e r e n t T e h s i l s . . . 186 
Tab le -6b To t a l annual r a i n f a l l i n d i f f e r e n t T e h s i l s 188 
Tab le -7 Showing v a r i o u s Hydro zones . . . 25 
T a b l e - 8 P r e - and Post-monsoon water l e v e l of y e a r 1989 189 
Tab le -9 P r e - and Post-monsoon water t a b l e dep th of 193 
y e a r 1989 
Tab le -10 P r e - and Post-monsoon water l e v e l of y e a r s 197 
1985-1989. 
Tab le -11 Var ious cottponents of water ba l ance s t u d y . . 58 
Table-12 Blockwise Assessment of groundwater p o t e n t i a l 101 
Tab le -13 L i s t of Analysing P a r a m e t e r s . . . 129 
Table-14 R e s u l t s of chemica l a n a l y s i s of major e l e m e n t s 199 
Tab le -15 R e s u l t s of chemical a n a l y s i s of t r a c e e l e m e n t s 2 03 
Table-16 Standard l i m i t s p r e s c r i b e d by W.H*0.# I .C.M.R. 166 
and I . S . I . 
Tab le -17 Trace element t o l e r a n c e of i r r i g a t i o n wa te r 169 
Tab le -18 R e s u l t s of chemical a n a l y s i s i n e . p . m . . . . 204 
LIST OF PLATES 
-ii-
Plate-I 
Plate-II 
Plate-III 
Plate-IV 
Plate-V 
Plate-VI 
Plate-VII 
Plate-VIII 
PIate-IX 
Plate-X 
Plate-XI 
Plate-XII 
Plate-XIII 
Plate-XIV 
Plate-XV 
Plate-XVI 
Location map of Muzaffarnagar ... 1 
Isohyetal map of Muzaffarnagar ... 15 
district 
Departure of annual rainfall from ... 17 
mean annual rainfall 
Subsurface geological crtDss section ... 22 
Index Map ... 32 
Depth to water l e v e l , pre-monsoon . . . 36 
period 1989 
Depth to water l e v e l , post-monsoon . . . 37 
period 1989 
Water level f l u c t u a t i o n for the year . . . 42 
1989 
Water t ab le contour map, pre-monsoon . . . 39 
for the year 1989 
Water tab le contour map, post-monsoon . . . 40 
for the year 1989 
Fence diagram of Muzaffarnagar d i s t r i c t . . 47 
showing d i s p o s i t i o n of aquifers 
Hydrographs of var ious Tehsi ls . . . 50 
Blockwise Assessment of water p o t e n t i a l . . . 103 
at present year 1989 of Muzaffarnagar 
d i s t r i c t 
Blockwise Assessment of water potential... 104 
at five years for district Muzaffarnagar 
Electric conductance map of groundwater... 131 
in Muzaffarnagar district 
Contour map of T.D.S. in Muzaffarnagar ... 134 
district 
cont'i. 
-lii-
Plate-XVII 
Plate-XVIII 
Plate-XIX 
Plate-xx 
Plate-XXI 
Plate-XXII 
Plate-XXIII 
Plate-XXIV 
D i s t r i b u t i o n of t o t a l hardness In . . . 135 
shallow groundwater bodies 
D i s t r i bu t ion of Bicarbonate in shallow . . . 137 
groundwater bodies 
D i s t r i bu t ion of ch lor ide in shallow . . . 138 
groundwater bodies 
D i s t r i b u t i o n of sulphate in shallow . . . 140 
groundwater bodies 
P iper t r i l l n e a r diagram showing . . . 148 
chemical cha rac t e r of groundwater,1989 
Trace elements concent ra t ion in . . . 149 
surface and sub-surface water bodies 
Diagram showing p l o t s of sodium per cent 160 
aga ins t E.G. values (After Wilcox) 
Diagram showing p l o t s of S . A . R . va lues . . . 162 
• 'agains t E.G. values (U.S. S a l i n i t y diagram) 

CHAPTER-! 
IN T R O D U C T l ON 
CHAPTER . I 
INTRODUCTION 
WATER AND LIFE : 
Water constitutes one of our most valuable natural resources. 
Without it no form of life is possible. It not only supplies 
life both the animal and vegetable kingdom with daily substance 
but also provides high ways of transportation, is a source of 
power and serves .many other useful purposes. At times, however, 
through the mediunjsi^ Q'frstorms^  and floods this normally helpful 
and also transform into a most destruction agent. 
The total amount of the water on the earth is about 1.36 
billions cubic kilometers (1360 x 106 kilometers). This water 
is distributed from atmosphere to the earth in the form of 
Hydrologic cycle (i.e. precipitation run-off, infilteration 
evap/transpiration and groundwater). It has been estimated that 
the groundwater storage in the land areas of the world is about 
2000 cubic miles. This is about 35 times the combined storage 
of all the river, fresh water lakes, saline lakes and inland 
seas and more than one fourth volume of the water store on all 
the Ice-caps and glaciers. 
In the early stages of development of our country, the 
water resources did not possess the same Importance that they 
now have, nor do they play the prominent role that they seen 
destined to assume in the future* in the early days those 
resources were entirely adequate to rteet all the needs that 
existed. Water resources seldom develop to the limit of their 
possibilities were often utilized only to the extent of meeting 
the existing requirements. As a result, but little concern was 
felt regarding the need for the date and the knowledge of 
ultimate capacities of our rivers and underground sources to 
meet the many demands of the future. 
With.the advancement of the civilization and steadily 
increasing population in the rural and urban areas the use and 
the control of our water resources have developed and are 
becoming more and more intense. 
IMPACT OF GROUNDWATER ON INDIAN SOCIETY i 
India is one of the country which has largest crop area 
under the irrigation is about more than 6.5 million hectares. 
The area added annually under the crop land which comes to about 
2.5 ndllion hectares. 
Groundwater plays a major role because out of the crop 
land, the groundwater accounts for 24.50 million hectares, 
being 40% of the total. In the present annual development it 
accounts for about half of the crop land. In terms of the total 
usable land water accounts for 40 million hectares. One of the 
remarkable feature of the groundwater development in the country 
is its very cheap and simple groundwater structure like dug-
wells, bore wells and aquifers. The development of the ground-
water comes in fore-front with the development of agriculture 
increase in grain production. The food production increased 50 
million tonnes in 1950-51 to nearly 170 million tonnes in 1980-89 
The increase in the last 40 years has been due to not only from 
the increase in the area under cultivation, improved agriculture 
facilities but also due to increase in irrigation from the 
groundwater resources. The increase in the groundwater develop-
ment has been supported by the hydrogeologicai survey and the 
groundwater exploration of the country. 
ROLE OF SOCIETY FOR THE EFFICIENT USE J 
Groundwater is the largest available source of the fresh 
water on the earth due to unreliable availability of the surface 
water particularly during the drought years. There has been a 
continuous increase in the development of the groundwater 
resources for drinking, irrigation and industrial use. The 
society and the individual has to be more alert to see its 
efficient up keep and use. 
The National Water Policy 1987 has emphasized the develop-
ment and implementation of the groundwater recharges project 
for augmenting the available supply. This would again need 
detail hydrogeological studies coupled with groundwater 
exploration of the recharge areas to develop and formulate 
the groundwater recharge projects. 
STUDY AREA S 
The district Muzaffarnagar is situated in Central Ganga 
Alluvial Plain covers the North-western part of Uttar Pradesh 
bounded by the two most important rivers, Yamuna to the West 
and Ganga in the east and rivers Hindon, Kali and Krishnt 
flow through it. Muzaffarnagar comprises four districts of 
Ganga-Yamuna doab starting from North with Saharanpur to 
Ghaziabad in the South in between these two districts, the 
Muzaffarnagar adjacent to Saharanpur in the North and Meerut 
in the South. 
The district Muzaffarnagar lies in Ganga-Yamuna and Hindon 
doab is an elongated irregular shaped; lying between latitude 
29*^ 12 •O", 29*^ 43 •0" ttorth and longitude 77*^ 4 •O" and 78°6'0". 
The ajrea has a gentle slope from North to South as shown in 
(Plate-l) covering an area of 4176 square kilometers. 
The basin rich in groundwater potential has in years 
witnessed phenomenal increase in the numbers of private and 
state tubewells to augment deficient surface water availability 
forever increasing water needs, in large scale of groundwater 
exploitation have been planned and some of them even executed. 
In order to increase the irrigation facilities, the Government 
of Uttar Pradesh has been introduced the Eastern Yamuna canal 
and Upper Ganga canal systems. The tributaries of these two 
canals make the district rich in irrigation. 
AIMS AND OBJECTIVES J 
The present study is carried out with a view to s-
(1) Delineate the different aquifers occurring in the 
area and their inter-relationship. 
(2) Monitoring of groundwater levels and its fluctuation 
of the pre- and post-monsoon periods in response to 
several charges. 
(3) Study of quality of surface as well as sub-surface 
water and its suitability for the drinking and 
agricultural purposes. 
(4) Study the variation in chemical characteristics of 
water in different aquifer groups by the analysis 
of samples collected from the different piezometers 
and tubewells. 
(5) Role of the canal seepage and water fluctuation and 
improving or deteriorating of chemical quality. 
C H A P T E R - I I 
PHYSIOGRAPHY AND LAND USE PATTERN 
CHAPTER - II 
PHYSICX3RAPHY AM) LANDUSE PATTERN 
The study area is a monotonous expanse o£ Ganga alluvium 
with gently undulating topography. The average ground slope is 
0,38/km towards south and south*east. However, land slope is 
overall towards south, coinciding with the groundwater slope. 
The district Muzaffarnagar is well connected with roads and 
railways hence it is easily approachable. 
The major and most important rivers flowing through the 
areas are Kali, Hindon, Krishni and their various tributaries 
T*hile the river Ganga and Yamuna marks the eastern and western 
boundaries of the districts respectively. All the rivers flow 
with a trend from north to south and all entering into the area 
from north. Ganga and Yamuna mark the lateral extent of the 
area. The extensive width of all alluvial plain and low relief 
of the area has created stream meanders at many places. All 
the rivers flowing through the area carry substantial discharges 
during season and during non-monsoon season they carry 
regenerated water from groundwater storage due to their 
effluent character. The canals being unlined, recharge the 
groundwater storage through seepage. 
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Muzaffarnagar is an agriculturally rich district of 
western Uttar Pradesh. Out of the total area of 4,17,946 
hectare nearly 80% of the area is used for the cultivation 
purpose. The perennial supply of the rivers. Kali, Hindon, 
Krishni, Ganga and Yamuna, the state has developed a canal 
system. Every effort is being made to make the conjunctive 
use of both surface and sub-surface water scientifically 
without creating any unfavourable results. On this basis the 
area has a satisfactory and vast irrigation system through 
canals, state tube-wells, private tube-wells, pump-sets, ponds, 
rahats, etc. (shown in Table-4). 
For administratiye purposes the district has been divided 
into four Tehsils and further sub-divided into 14 blocks, 18 
towns and 927 villages (1987-88), The total population of the 
district according to the 1981 census is about 22,74,487. Out 
of this 21.7% population is urban and 78.3% is rural with a 
density of 545 per square kilometer. There is a very good 
network of roads in the district by which the area can be 
covered easily. The table-1 showing the Tehsil and Block of 
the district Muzaffarnagar. 
Table~l : Tehsils/Blocks. 
Tehsil Blocks 
1. Muzaffarnagar 1• Muzaffarnagar 
2. Baghra 
3. Charthawal 
4. Purkazl 
2. Kairana 1. Kairana 
2. SHamll 
3. Thana bhawan 
4. Un 
3. Jansath 1. Knataull 
2. Jansath 
3. Mo m a 
4. Budhana 1. Budhana 
2. Shahpur 
3. Kandhla 
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The l a t e s t land u t i l i z a t i o n f igures of the d i s t r i c t are 
shown in the Table-2 . 
Table-2 
Item Figures for 
1987-88 i n hecatxres 
1 . Reporting area 4,17,946 
2 . Forests 7,411 
3 . Barren and uncul turable land 9,466 
4. Land put t o non-agr icu l turab le uses 47,867 
5 . Culturable waste 12,427 
6 . permanent pas tu res and other grazing land 627 
7. Land under miscellaneous t r e e crops and grooves 1,671 
8 . Current fallows 16,202 
9 . Other fal lows 3,551 
1 O.Net area sown 3,34,103 
11.Area sown more than once 2,00,597 
12.Net area i r r i g a t e d 2,98,582 
13.Cross i r r i g a t e d area 4,48,280 
The p r i n c i p a l crops sown in the d i s t r i c t a r e , wheat, paddy, 
sugarcane, maize, bar ley , pu l s e s , mustard, r i c e , e t c . The area 
sown under p r i n c i p a l crops during 1938-89 i s given in T a b l e - 3 . 
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Table-3 
Crops Area in hectares 
Paddy 46,778 
Wheat 1,58,950 
Maize 12,330 
Pulses 27,879 
Sugarcane 1,86,428 
Potato 2,287 
Cotton 3,115 
Others 12,995 
Details of the area irrigated by different sources under 
different crops and length of canals, etc. in Muzaffarnagar 
district during 1988-89 are as given below j-
Table-4 
Item Leng th / I r r i g a t e d a r e a 
Numbers i n h e c t a r e s 
Cana l s 1154 kms* 1,16,234 
S t a t e t u b e - w e l l s 578 1 ,79,138 
P r i v a t e t u b e - w e l l s 25,005 
con td . , . , 
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Item 
Tanks, lakes, ponds 
Pumping sets, brolng 
Rahats and others 
Wells 
Length/ 
Numbers 
182 
36,521 
991 
1898 
Irrigated area 
in hectares 
Total irrigated area 
(I) Rabl 
(II) Kharlf 
(ill) Zald 
20 
2,882 
308 
2,882 
1,85,068 
3,18,889 
29,234 
•Maximum length in Morna 164 kms. and minimum length 
in Budhana block 16 kms. 
Industries s 
The district Muzaffarnagar is having large number of 
industries i.e. sugar industries, paint and varnish industries, 
iron foundaries, chemical and fertilizers, leather Industry and 
textile industry, etc. The following table-5 shows some of the 
industries in the district during the year 1988-89. 
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Table-5 
Name of industry 
Cotton industry 
Small scale industries 
Engineering 
Chemicals 
Jute industry 
Textile industry 
Handcraft industry 
Others (sugar facte 
Tot 
jries 
etc.) 
:al 
Public 
sector 
industries 
192 
20 
24 
-
349 
25 
-
900 
Private 
sector 
industries 
2254 
672 
274 
1 
11758 
-21 
223 
16285 
Total 
number of 
industries 
2432 
692 
298 
1 
12098 
46 
223 
17185 
Rainfall : 
The district Muzaffarnagar receives most of the rainfall 
through southwest monsoon. The area experiences moderate type 
of autobiographical monsoonic. The annual rainfall of the 
district is about 759 mm. of which 85% is during the monsoon 
and the rest during the winter period. The minimum rainfall 
months are - November, December, March and April, But there 
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are occasional rains in the months of January and February, 
The monsoon showers start from the later part of June and 
continue up to the first week of October, The distribution of 
rainfall in the time is not favourable, the wet season being 
from June to September strong need is felt for artificial 
irrigation during the rest of the year. The detailed annual 
monsoon data have been shown in Table-6 . For showing the 
distribution of the total rainfall, contours of equal precipi-
ation or isohytes have been prepared (Plate-Il), Isohytal map 
Df the district shows that the intensity of rainfall decreases 
from northeast to southwest. 
Variability of Rainfall t 
The available annual rainfall data of the district 
Muzaffarnagar for the period from 1984 to 1989 has been 
statistically analysed. The results have been tabulated. It 
is seen that the highest rainfall is recorded as 937.1 (m.m.) 
whereas the lowest rainfall is only 268.9 (m.m,). Mean annual 
rainfall is 633,33 (m,m,), The standard deviation is 186,81 
and the coefficient of variation is 29,49%. 
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Statistical Analysis of Rainfall Data* District Muzaffarnagar 
(1984 - 89) 
C l a s s I n t e r v a l 
(C - I ) 
200-300 
300-400 
400-500 
500-600 
600-700 
700-800 
800-900 
900-1000 
Frequency 
( f ) 
1 
0 
0 
2 
0 
2 
0 
1 
U 
- 1 
0 
1 
2 
3 
4 
5 
6 
u^ 
1 
0 
1 
4 
9 
16 
25 
36 
Uf 
- 1 
0 
0 
4 
0 
8 
0 
6 
U^f 
- 1 
0 
0 
8 
0 
32 
0 
36 
17 69 
Mean R a i n f a l l = X = Xo + C (Uf / f ) 
X = 350 + 100 (17 /6) 
X = 633.33 
Standard D e v i a t i o n = S.D. =» C / U ^ fUfx^ 
C o e f f i c i e n t of v a r i a t i o n (%) * S.D. 
mean 
X 100 
100 / 6 9 , 17 \ 
_ / 6~ - ^6~ ' 
- 186 .81 
186.81 X 100 
633 .33 
29.49X 
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Climate s 
The Muzaffarnagar district has sub-tropical monsoonal 
climate, in summer, it is dry and is extremely hot and winter 
is moderate to sever«. During January, the area experiences 
maximum cold when the mean daily maximum temperature drops to 
18*^ C and mean daily minimum temperature drop to 5^C. April to 
July are the months of extreme summer, when hot dusty winds 
blow and the heat is intense. The maximum temperature during 
this period varies from 43°C to 47°C at times (in June). Winter 
season begins in October and ends in February and summer is from 
M«rch to mid-June. 
CHAPTER-I I I 
LITHOSTRATIGRAPHY OF THE AREA 
CHAPTER - III 
LITHOSTRATIGRAPHY OF THE AREA 
The area lies in the Ganga-Yamuna doab and is a part of 
Indo.Gangetic alluvial plain of Quaternary age lies between 
peninsular and extra-peninsular division of India which is 
regarded as a major unit in the Geology of Indian Sub-continent. 
There has been more speculation regarding the sub-surface geology 
and tectonic origin of the vast depression of the Gangetic 
alluvial plain. The plain lying deflection and gravity data 
of obtained by the Survey of India* many years ago were too 
meagre, and deduction made from such data, obviously could 
not give any concrete indication regarding the sub-surface 
geology. The tubewells drilled for groundwater did not go down 
beyond a depth of 600 meters and the data on the solid geology 
of the plains was lacking entirely. However, after the advent 
of geophysical exploration in these plains,a fairly large 
volume of data indicating the nature of sub-surface geology 
and the structure has been obtained in a few deep exploratory 
wells have been drilled. Geologists believe that below the 
alluvial covering, there is an appreciable diversity in the 
constituents of rock formation. Estimate of thickness of the 
Ganga alluvium have been ranged from about 15 kms. (Burrard, 
1915) to 4.5 kms. (Oldham, 1917). Further, Wadla (1966) and 
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Krlshnan (1968, 1982) have been pointed out that beneath the 
alluvium* the sedimentary formation of palaeozoic, mesozoic 
and tertiary ages may be found. Prom the geophysical exploratory 
data, it is reported that the thickness of the alluvium Is of 
the order of 1,000 meters varying at many places and it is the 
Siwalik sediments that constitutes bulk of sediments filling in 
the depression. 
The area under study is the Ganga-Yamuna doab which forms 
a part of Indo-gangetic plain. The superficial quaternary 
formation corrprises sediments deposited by Ganga-Yamuna river 
system. The unconsolidated type of the sediments can be broadly 
classified into groups and two sub-groups viz., the older 
alluvium and the new alluvium. The later may be further sub-
divided into older and younger flood plain formation. The older 
flood plain cover the maximum area whereas the younger flood 
plain formation occur as a narrow strip along a meander belt 
of river flowing through the district. 
It is generally, considered that in this part of gangetic 
plain trough a deep basement (mainly granitic) a successively 
overlained by the Vindhyans, lower Gondwanas and the tertiary 
sediments followed by a considerable thickness of unconsolidated 
quaternary sediments (Krishnan, 1968). 
Deep drilling in the adjoining districts and corresponding 
geophysical studies have indicated the presence of a very 
21 
pronounced unconformity between an overlying Neogene-quaternary 
sequence and the underlying upper Vindhyan rocks, The siesmic 
survey has further indicated that the rocks below the unconformity 
are folded and faulted while the overlying sequence is almost 
undisturbed. This suggests the tectonic setting in this area 
during the Neogene-quaternary period (Gupta, 1968-69; Ravindra 
Kumar, 1984). The recent exploratory drilling by O.N.G.C. has 
shown an increase in thickness from west to east and north 
(Aligarh 379 meters by C.G/W.B.) to south Sasun near Kanpur. 
Geological Classification of the Alluvial Deposits : 
There are no distinctly marked stages in the deposition 
of the alluvium. The whole of the alluvium is, in fact, one 
continuous and conformable series of fluviatile and sub-aerial 
deposits whose accumulation is, to some extent, still in 
progress. The alluvium consists chiefly of beds of clay either 
sandy or calcareous, corresponding to the silts, mud and sand 
of the modern rivers. Besides these, beds of gravel, compact 
sand, kankar (a nodular formation rich in CaCO^) etc. are also 
met with the classification of the alluvium of the Indo-gangetic 
is based on the presence of extinct or living species of mammals 
in these deposits (Wadia, 1966). 
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Newer Alluvium Khadar of the Punjab. Fossils, chiefly 
living species, including relics of man. 
Deltaic deposits of the Indus, the Ganges Recent. 
Older Alluvium Bhangar of the Ganges valley. Possixs 
of Elphus anblques, Equus namidicus, 
Manis glgantea# extinct species of 
Rhlnocero^^ Hippopotami, etc. 
Rocks of unknown age 
Unconformity 
Possible the extension of Archean, Purana 
and Gondwanas of the Peninsula and of 
Numulitic, Muree and Siwallks of the 
sub-Himalayas. 
CHAPTER-IV 
HYDROGEOLOGICAL SETTING OF THE AREA 
CHAPTER - IV 
HYDROGEOLOGICAL SETTING OP THE AREA 
Groundwater occurs in large reservoirs beneath the 
water table it more or less saturates the earth material 
through which it is moving and in which is stored. Movement 
of the groundwater is from areas of greater to areas of 
lesser hydrostatic head. The prime moving force is t\\e gravity 
that is, the weight of the water column and the other features 
such as natural gas pressure, are known to contribute locally 
to hydro-static head. "But far largest fraction of fresh water 
available for water supply is stored and transmitted through 
the groundwater reservoir. 
Occurrence, movement and storage of the groundwater is 
influenced by the sequence, lithology, thickness and the 
structure of the rock formation. Movement and storage capacity 
is chiefly controlled by the permeability and porosity of the 
hos t rocks. 
Taking into account the above features, the state of 
Uttar Pradesh comprises flat alluvium plane, drained by the 
river Ganga and its various tributaries, with abundant 
availability of the groundwater while in the southern part 
25 
of the state comprising hard rocks, the availability is to 
limited extent, and in the northern Himalayan mountaineous 
region presently there is no groundwater development. Ground-
water is a major source of irrigation accounting for 12 million 
hectares of the irrigation potential. The remarkable feature 
of the groundwater development is that it is mainly in the 
private sector and through the thousands of private borings 
and shallow tube-wells which are cheapest in the world in unit 
cost and as well as per hectare cost of irrigation. 
Based on physiography and hydrogeological condition 
evaluated on the basis of systematic surveys and groundwater 
exploration the state can be divided into the following 
hydrogeological zones (Pathak, 1974), 
Table- 7 
Zone Sub-Zone Approximate 
area (sq.kms.) 
1 . Himalayan i . Lesser and cen t ra l 59,257 
Himalayas 
i i . Sub-Himalayas or Siwalik 3,000 
2 . In te r Montane 
val ley 1,020 
3. Alluvial Tract i. Bhabar 2,460 
ii. Tarai 11,200 
i l l . Central Ganga P la in 1,76,000 
I v . Marginal Ganga P la in 19,728 
4 . Vindhyan Terrain 10,468 
5 . Bundelkhand 11,280 
Granite Terrain 
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ALLUVIAL TRACT : 
Itie alluvial tract considered to be the most important 
part as the groundwater resources of the state are concerned 
it is underlain by unconsolidated sediments deting from 
Pleistocene to Recent. The depth of alluvium as determined by 
deep boreholes is of order of 500-1000 meters. The Ganga alluvial 
tract extends in a NW-SE direction and spreads over an area of 
209.388 sq. kms. This low-land occupies a great crustal down-
buckle of fore-deep, formed between the nobile orogenic belt of 
the Himalayas and the static Peninsular shield. This fore-deep 
is filled 'with late Tertiary sediments and Quaternary alluvium 
which at places attain a thickness of more than 100 meters. 
This zone contains the most potential groundwater reservoir in 
the state. This is divided into four sub-zones viz., Bhabar, 
Tarai, Central Ganga Plains and Marginal Alluvium Plains. 
1. Bhabar : 
The formation immediately south of Himalayan foot-hills 
are called Bhabar which is a distinct belt of 10-30 kms. in 
width. The northern boundary of the Bhabar belt is generally 
marked by the southern edge of Slwallk hills ranges and the 
southern limit is characterized by the spring line which also 
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defines the northern limit of Tarai. Formation comprises 
boulders, pebbles, unsorted gravels, sand and Intercalated 
with clay bed as a piedoment deposit in the shape of alluvial 
cones which slopes southwards for about 10-17 mts./kms. in 
which the groundwater occurs under water table condition, under 
30 meters below the ground level. The discharge of the tube-wells 
3 
varies from 97 to 227 m /hour for the draw-downs between 2.7 
meters and 9.7 meters. The hydraulic conductivity of the aquifer 
3 
is estimated to range between 15-25 m /day. The Bhabar belt 
experiences high rainfall, mean annual rainfall being 1500 to 
2 000 m.m. Water table is generally deep and varies between 
15-30 meters. This is due to high permeability of the formation 
and absence of confining layer at shallow depth. Successful 
tube-wells in a depth range of 90-150 meters have been constructed 
yielding around 3000 lit./minute. 
2. Tarai Belt : 
This is just south of Bhabar belt with a southward slope 
of 0.4 m/km and rainfall varying from 1200-1500 m.m. It is 
composed of well defined clay with coarse sand and gravel lies 
more or less parallel at the southern margin of the Bhabar sand 
and fine grain gravels that serve as a good water bearing material 
occurs at a depth range between 25 meters and 298 meters. Bhabar 
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acts as recharge zone for Tarai making the groundwater 
potentiality of the belt substantial. The boundary between 
Bhabar and Tarai is marked by the spring line towards the 
south, the Tarai belt merges into the plains in which the 
flowing well conditions are practically unknown. T^ iis belt 
is characterised by the localized occurrence of flowing ground-
water condition with the pizometric head above groundwater 
level. Groundwater in strata at depth of less than 50 meters 
in the Tarai is generally unconfined and the water table is 
normally within the 4 meters below the land surface. However, 
groundwater in deeper aquifers occurs under confined conditions* 
Exploratory drilling for the groundwater in this aone has been 
carried out down to a maximum depth of 300 meters. The principal 
comprises between 25 meters and 298 meters. The piezometric head 
in a flowing well of this zone ranges between 6,60 and 8,9 meters 
above the groundwater level, while in non-flowing well it ranges 
between 1.65 and 11.20 meters below the ground level. The most 
of the tube-wells constructed in this region register a free 
flow conditions ranging in between 90-200 m /hour and their 
piezometric head varied from 1.55 to 8.69 meters above the 
groundwater level. The recharge of the groundwater in the 
confined aquifers, generally take place by downward percolation 
and lateral flow from the Bhabar belt. 
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3. Central Ganga Alluvial Plain s 
The southern limit of the Tarai zone is marked by a wide 
zone of alluvium which is composed of gravel, sand, silt, clay 
and kankar. It lies between Yamuna and Ganga and extend up to 
their confluence in Allahabad which marks the limit of this 
zone. Demarcation between gravel, sand, silt, clay and even 
kankar is neither smooth nor uniform. The beds are generally 
lenticular and there are rapid alternations and gradations 
between granular and clayey horizons. 
Groundwater in this zone occur under unconfined conditions 
in the surface or near the surface aquifers and under confined 
conditions in deep water aquifers. The aquifers composed of clay 
with kankar serve as an aquitards. The private tube-wells 
generally tap top water table aquifer up to a depth of about 
100-150 meters. The discharges are of the order of 50 m /hour 
and 150 m /hour. The depth of water table below the ground 
generally varies between 2-8 meters. The pump test done in this 
area (C.G.W.B. and G.W.I.O.) reveal wide variation in permeability 
and transmissibility of the aquifer due to rapid change in their 
thickness and texture. In fact the gangetic plain has so much 
internal complexity of the aquifer system that such a localized 
airea needs a separate study to determine the aquifer character-
istic. The test carried out so far indicates the transmissibility 
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coefficient of an average of 30 meters thick aquifer in the 
areas about 1,00,000 gallons per day per ft. storage coefficient 
varies from 0,032 to 0.0005 ft. The specific yield ranges from 
7-1596. 
*• Marginal Alluvial Plain s 
This sub-zone lies between the Central Ganga Alluvial 
Plain and the region occupied by Bundelkhand granites and 
Vindhyan rocks. The alluvium is composed of silt, clay, kankar 
and sand of various grades. Groundwater occurs in both under 
water table and confined conditions. 
In western Uttar Pradesh, this type of marginal alluvium 
occur at the western most margin of the region where Vindhyan 
rocks are exposed at a depth ranging between 220 to 280 meters. 
(Raya at 220 meters and Susir Kalan, 280 meters in Mathura 
district). A prominent and persistant granular zone comprising 
fine to coarse grain sand with varying amount gravel has been 
encountered between the depth of 170 meters in the northern part 
of the sub-zone. The tube-wells constructed in this zone the 
depth of water table varies between 5 and 25 meters below the 
ground level with a discharge ranging in between 50 and 2 30 
m /hour for draw-down from 4-15 meters. For available litho-
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logical data* litho-logs have been prepared so that the 
condition/ movement and occurrence can be determined during 
the study of these charts it is found that the vertical geologic 
units mainly comprise the unconsolidated fluviatile sand, loam 
and clay with disseminated 'kankar* of pleistocene to Recent 
age. In addition ther« are a number of gravel beds. The knowledge 
of the sub-surface geology is confined to almost 110 meters of 
the depth at deeper bore-logs are not available. The static 
water level in tube-wells generally ranges from flowing condition 
to 26 meters below the ground level. The discharge of the tube-
well varies between 60 and 240 m /hour for draw-downs from 3-16 
meters. 
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CHAPTER - V 
GROUNDWATER STATUS 
Groundwater plays an Important role in determining the 
water bearing and transmitting capacity of geological formations. 
Systematic well investigations of 41 dug wells and tube>wells 
(shallow and deep) were carried out and pertaining hydro-
geological data were collected to bring out valuable Information 
relating to groundwater conditions and its further development 
in the district Muzaffarnagar. 
Multi-disciplinary studies in Ganga-Yamuna doab spread 
over district Muzaffarnagar was carried out for the estimation 
of resource potential and detailed analysis of various parameters, 
The relevant data collected were thus utilized in the preparation 
of depth to water level maps (pre- and post-monsoon), water level 
fluctuation map and pre-and post-monsoon water table contour 
maps, which bring out the potential area for further groundwater 
development. 
In order to determine the sub-surface geology of the area* 
the lithological logs of the wells bored in the area were 
collected and the data were plotted to prepare cross-sections and 
fence diagram to delineate the various aquifers disposition 
and their lateral and vertical extensions. Locations of various 
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studied wells and tube-vrells are shown In Plate.y. 
(i) Occurrence and Movement of Groundwater t 
Groundwater in the area occurs both under phreatlc and 
semi-confined to confined conditions depending upon the absence 
or presence of aquitard and acqulcludes as confining beds. The 
shallow aquifers are phreatlc in nature whereas deeper aquifers 
are semi-confined to confined in nature. 
The aquifers are mainly consists of sand (flne« medium 
and coarse) are found at two different depths. The first sandy 
horizon is shallow aquifer and occurs at a depth of 15 to 80 
feet below the ground level. Other sandy horizon (water bearing 
formation) occurs at the depth of 100 to 360 feet within the 
beds of clay and kankar« Itils forms the deeper aquifer of the 
area and it is separated from shallow aquifer by clay layer 
inter-mixed with kankar (Plate-XX)« %«hlch behaves as a semi-
confining layer or aquitard is used to describe natural materials 
that stores water and transmits enough water to be significant 
in the study of the regional migration of groundwater bat not 
enough water to supply individual wells. (Davis and Dewiest* 
1965). 
The rainfall is the main source of groundwater recharge. 
The surface recharge and seepage of Oanga canal has its own 
Importance in the area. 
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Depth to water level j 
The water level maps have been prepared on the basis o£ 
the field observations of static water levels In the shallow 
wells. Locations of th^se wells are marked on Plate-V. Depth 
to water level maps are showing the variation In depth to 
water level all over the district. The Plates-VI and VII show 
the depth to water level for the pre-monsoon (June^ 1989) and 
post-monsoon (November* 1989) period respectively. In the pre-
monsoon depth to water ranges bet%ieen 0.97 meter b.g.l. to 
19.34 meters b.g.l. and In post-monsoon period It ranges between 
0.16 to 18.54 meters b.g.l. The area has been divided Into ten 
water zones varying from (1) less than 2 meters, (2) 2 to 4 
meters, (3) 4 to 6 meters,(4) 6 to 8 meters, (5) 8 to 10 meters, 
(6) 10 to 12 meters, (7) 12 to 14 meters (8) 14 to 16 meters, 
(9) 16 to 18 meters and (10) above 10 meters b.g.l. 
The deepest water level was recorded 19.34 meters b.g.l. 
In Bltavada and shallowest 0.97 meters b.g.l. was observed at 
Khaiq>ur villages In pre-monsoon period (June, 1989) • The 
deepest water level was recorded 18.54 meters b.g.l. at Bltavada 
and the shallowest 0.16 meters b.g.l. at Khanpur In post-monsoon 
period (November, 1989). Three patches have been demarcated as 
water logged area around Chhapra* Dhamatpur and Khanpur in 
Purkazl block due to the excessive seepage of upper Oanga 
canal. The area adjacent to the upper Oanga canal shows the 
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water level which ranges bet%#een 1,10 to 6 meters b , g , l . In 
pre^inonsoon period and 0,75 to 6 meters b . g . l . indicates the 
e f f e c t of seepage into the shallow aquifers occurring below 
the unlined canal bed. 
Water Table Contour Maps t 
Water table contour maps have been prepared on the bas i s 
of water l eve l data co l lec ted during pre-monsoon (June. 1989) 
and post->monsoon (November* 1989) periods* are analysed and the 
att i tudes of water level with respect to the mean sea l e v e l i s 
worked out« The values were plotted and thus, water table contour 
maps are prepared at f ive meters contour interval (Plates-IX and 
X). 
Groundwater Movement s '*' 
The study of water table contour maps (pre-and post-monsoon 
seasons) indicates the direct ion of groundwater flow* area of 
discharge* recharge and the re la t ion of groundwater to the r i v e r . 
The general groundwater movement in the area i s from 
north-west to south-east with exception of some local v a r i a t i o n s . 
The Krishni r iver i s receiving the groundwater in Kandhla and 
Thana Bhawan blocks . The upper Oanga canal i s feeding the study 
area. The flow l i n e s a lso indicate that in general* the groand-
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water moves towards the rivers, indicating the effluent nature 
of these rivers. 
The convex shape of water table contours indicates the 
area of groundwater recharge and the concave contours represent 
the area of groundwater discharge (Todd, 1980). At some places 
the water table contours cross the riversKrishni, Hindon and 
Kali, there is a bend of the contours in the upstream direction 
Indicating effluent character of the streams (Tolmann, Davis and 
Dewiest, 1965). 
There is a groundwater mound in the south-western part of 
the Muzaffarnagar district proximal to the bank of the eastern 
Yamuna canal. Another mound also seems to be developed in the 
south-eastern part of the area, that is around the upper Ganga 
canal. It is caused due to the seepage of surface water into 
shallow aquifers through unlined beds of canals. General 
hydraulic gradient is 0.55 mt. /loo. 
Water Level Fluctuation j 
For the water level fluctuation year 1989, the contours 
are plotted on map (Plate-VIII) which shows the difference in 
pre- and post-monsoon water levels on the contour inteirval 
0.50 meter. The lowest fluctuation was observed 0.22 meter at 
Itiana Bhawan whereas the highest fluctuation was observed 3.30 
meters at Kakrauli in Morna block. There are six distinct 
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water level fluctuation zones - (1) less than 0,5 meter b«g.l. 
(2) 0«5 to 1.00 meter b.g.l. (3) 1 to 1.5 meter b.g.l. (4) 1.5 
to 2 meters b.g.l. (5) 2 to 2.5 meters b.g.l. and (6) 2.5 to 
3 meters b.g.l. 
In the area adjacent to Krishnl Nadl, the'fluctuation is 
conparativeiy very low ranging from 0.22 meter to 0,50 meter b.g.l, 
The maximum fluctuation 3 meters b.g.l. was observed around 
Kakrauli. The difference in the fluctuation is controlled by the 
topography as well as the lithologic variations in the area. It 
is high in the upland areas and low in the low-lying areas. The 
fluctuation also shows the recharge and discharge of the area. 
(ii) Evolution and Delineation of Aquifers : 
The evolution of the aquifers xn the fluvial system is 
dependent upon the hydro-dynamics of flow regime, geology and 
topography of the terrain, leading to the terrigeneous clastic 
deposition system, which are typically as channel flood plain 
and back swamp deposits. 
Channel Deposits x 
The study area is a part of Ganga-Yamuna doab. The typical 
channel deposits m the study area from bottom upward comprises 
medium to fine sand occasionally mixed with coarse sand and 
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gravels, and a thin clay layer on the top; The top clay and 
some fine sand layers are washed away during successive flood 
seasons and a fresh body of sand with fining upward sequence 
is deposited each year. The thick bodies of sand deposited as 
channel deposits form the areally extensive and highly potential 
aquifers• 
Flood Plain Deposits t 
During the flood season when the flood water overflows 
the banks, medium to fine sand bodies of limited areal extent 
and moderate: .thickness are deposited over the flood plain. 
These lenticular bodies of sand form moderately potential 
aquifers in comparison to the highly potential aquifers of the 
channel deposits. The lenticular shape of the aquifers is due 
to the fact that flooding takes place in a limited stretch of 
the river banks at a time. 
Back Swamp Deposits : 
The flood water from the high banks further moves down 
the slope towards the low-lying areas where it is left pre-
dominantly with the suspended n\aterials only, which get settled 
under the influence of gravity and form a lensoid tjody of sand 
which is later on overlain by clayey horizon. Thus, the lensoid 
sand bodies generated occur as intercalations within the thick 
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bodies of clay. Such bodies of sand characterise the back swamp 
environment and form the poor aquifers, very often associated 
with the quality problem. The enclosed nature of such aquifers 
obstruct the regular flushing or recharge rendering thereby to 
poor quality forftiation of water. 
Moreover, as the river changes its coarse, the position 
of the channel flood and back swamp deposits also continue 
changing with the passage of time, This is the reason that no 
continuous body of sand or clay are found in a bore hole except 
under the extraordinary geologic situations. Thus the llthological 
variations are attributed to their mode of deposition by the 
constantly shifting nature of the streams draining the area* 
The various aquifer systems, thus generated by the rivers 
Ganga, Yamuna and its various tributaries like, Hindon, Kali 
and Krishni are as follows :-
(a) The channel deposits - the thick bodied aquifers of 
infinite areas extent forming most potential ground-
water reservoir. 
(b) Flood plain deposits - the lenticular aquifers of 
limited thickness and areal extent and only moderately 
potential. 
(c) Back swamp deposits - The lensoid bodies of sand 
occurring as enclaves or stringers within the thick 
clay cied, generally forming the low potential aquifers 
with quality problems. 
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In a thick Ganga alluvium, the complexes of the channel, 
flood plain or Oxbow facies re-appear several times in the wells 
drilled at places in the area. 
Delineation of Aquifers : 
The fence diagram (Plate-XI) and geological cross-section 
(Plate-IV) study reveals that the two types of aquifers have 
been delineated i.e. the shallow aquifer (with depth range of 
80 ft.) and deeper aquifers (100-360 ft.). These occur from 
two to four tier aquifer system in the district Muzaffarnagar 
down to 360 ft. depth b.g.l. The southeast part of study area 
adjacent to the Ganga river having two aquifers comprising of 
medium to coarse sand. The thickness of aquifers are increasing 
towards the Ganga river. A clay bed separates these two aquifers. 
The thickness of this clay bed increasing towards the westerly 
and decreasing easterly directions towards Ganga river, 
respectively. The shallow aquifers is under water table 
condition while the deeper aquifers have been identified as 
leaky confined in character. The deeper aquifers behave as a 
single bodied aquifer. They are inter-connected with each other. 
The shallow and deeper aquifers are separated by thick clay 
layers inter-mixed with silt and kankar which serves as an 
aquitard. 
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The granular zones comprising medium to fine sand, 
occasionally mixed with coarse sand, gravel and pebbles. The 
predominance of clayey horizons progressively continues which 
pinches out due east. 
(Ill) Assessment of Groundwater Potential In the Area s 
To meet the food and fibre requirements adequately, India 
has to Increase the crop production to 325 million tonnes as 
against the present 179 million tonnes per annum. There Is a 
need for holding strategic planning to maintain the momentum 
of 'Green Revolution* (Vohra, 1985). Groundwater which contributes 
a considerable part of irrigation potential created in the country 
is therefore of vital Importance. 
To provide maximum development of groundwater resources 
for beneficial use requires thinking in terms of entire ground-
water basin. By visualization a basin as a large natural under* 
ground reservoir, it is ciear that utilization of groundwater by 
one land owner effect the water supply of all other land owners. 
In order to maintain the reservoirs indefinitely, between all 
waters entering and leaving the study area. The ultimate goal 
of quantitative hydrologic measurements is to determine addition 
of water to the groundwater reservoir of the area under investi-
gation from all sources (groundwater increment) and discharge 
from the groundwater body (groundwater decrement). 
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The major source of recharge in the study area Is the 
direct precipitation. Most of the precipitation (rainfall) 
which contributes to groundwater reservoir occurs during the 
monsoon period (June-October). A large portion of precipitation 
runs over land to streams or is discharged by the process of 
evapo-transpiration before it recharges aquifer, only a small 
fraction.ctf the annual rainfall percolates downwards to the 
water table. 
Hydrographs s 
The wate.r levels of the observation wells and rainfall 
data are used to prepare the hydrograph of the wells. The 
hydrographs of five wells of Tehsil headquarter for the period 
of 1984 to 1989 are shown in Plate-XII A, B, C, D). The hydro-
graphs indicate that the water level variation is cyclic, 
showing the maximum water level during the month of JUne and 
minimum during the month of November. The rising and declining 
trend of water level with respect to time and space are 
attributed to input source of groundwater, namely, rainfall. 
The maximum precipitation occurs during the monsoon period 
(June to October) which effects the groundwater body. Thus, 
the water level rising up during the monsoon period. The 
shallowest water level was recorded in the month of November 
wherever the deepest water level was recorded in the month of 
June before the monsoon precipitation (Plate-XII A, B, C, D ) . 
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Correlation of Water Level with Rainfall $ 
A study of the hydrograph reveals that there is prominent 
response of rainfall on water level. The hydrographs of the 
permanent network stations of four Tehsils i.e. Muzaffarnagar, 
Kairana/ Budhana and Jansath are used to study the long range 
trend of water levels with respect to rainfall. The correlation 
study is made from the data available since 1984 to 1989 which 
gives an idea of groundwater behaviour of the^study area (Table-6b) 
The study of the hydrograph represents the response of 
the water levels with r«spect to the rainfall and drought is 
quicker, reasonably. The hydrographs are indicating the deepest 
water level in the year 1987 during the drought period (Plate-
XII A, B, C, D ) . 
Water Balance Studies : 
Quantitative hydrologic measurements is to determine 
addition of water to the groundwater reservoir of the study 
area from all sources (groundwater increment) and discharge 
of every kind from the groundwater body (groundwater decrement). 
The quantitative changes may be expressed as a water 
balance equation in which the inflow, outflow and change in 
storage in a period of time are represented by individual 
components. Groundwater balance deals with aspects of balancing 
(or budgeting) various components of groundwater supply (recharge) 
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and disposal (discharge) with storage changes in the groundwater 
reservoir. The recharge and draft effecting the groundwater 
reservoir have been worked out as follows s-
I - O » + A S 
Groundwater inflow - groundwater outflow « Change in 
groundwater storage (Karanth, 1987). 
In order to evaluate the groundwater potential, water 
balance equation in the study area Is used to measure the total 
estimate of groundwater storage and potential at blockwise 
level. 
The principal utilization of groundwater is through 
state tube-wells, private tube-wells and minor irrigation works. 
The use for domestic, industrial and other purposes is Insigni-
ficant as con^ared to the agricultural use. An attempt has been 
made to estimate the average gross recharge available to the 
groundwater body in Muzaffarnagar district. 
Recharge from monsoon rainfall and non-monsoon rainfall 
has been computed by water level fluctuation and specific 
yield method. The recharge from canals and return flow from 
irrigation have been computed on the basis of the estimates of 
ultimate irrigation that would be possible to bring from surface 
water resources. The return flow is estimated on the basis of 
the present groundwater utilization. 
56 
The water level fluctuation data observed from a number 
of hydrograph stations is available for the period from 1985 
to 1989 is finally put and their average values obtained, used 
in computation of bloclcwise water balance studies (Table-10 ). 
The factors which ate measured and used in groundwater 
balance study are as follows t-
(1) Rainfall infilteration factor. 
(2) Natural influent seepage from canals and ponds etc. 
(3) Artificial influent seepage from Irrigation, 
reservoirs, etc. 
In the Muzaffarnagar district, the aquifers are semi-
confined to Gonfined in nature. Thus the specific yield adopted 
varies from 8.80 to 18% depending upon the local hydrogeological 
set-up, soil profile, etc. 
The main sources of irrigation aire canals, state tube-wells 
and private tube-wells. The equation has been used for the 
computation of canal seepage is given as follows «-
Canal seepage « Length of the canal (mts.) X Average 
wetted perimeter X running days X 
seepage factor. 
Thus, the assessment of groundwater potential in water 
balance studies may be computed as -
Groundwater Balance = Yearly recharge - Yearly draft 
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Annual Recharge 
Annual draft 
» Monsoon recharge + Non-monsoon 
recharge + Recharge from surface 
sources. 
Draft by state tubewells + draft by 
shallow tubewells + draft by pumping 
sets etc. 
Stage of Development s 
On the basis of the groundwater development, the study 
area may be categorized as follows (Groundwater estimation 
Committee and NABARD's norms) *-
Category of the area 
1. White 
2 . Grey 
3. Dark 
Percentage of the 
utilization of groundwater 
up to 65% 
65 - 85% 
above 85% 
The estimation of water balance of fourteen blocks, 
district Muzaffarnagar is given in Table- 12. 
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BLOCKWISS GRQUMDWATER BALANCE STUDIES OF DI5TT. MU^AFFAR NAGAR 
BiocJi » Baghra 
1 , GROUNDWATER RECHARC^ : 
I . Groundwater Recharge by Water Level F l u c t u a t i o n - S p e c i f i c 
Yie ld Method i 
Adopted S p e c i f i c Yield i%) = 13,8% 
(a) Monsoon Recharge = Area x Water Levsl F l u c t u a t i o n x Sp . Yield 
23319 X 1.53 X 0.138 
"4923.57 
(b) Mon-Monsoon Recharge = r a i n f a l l i n f i l t r a t i o n f a c t o r = 25:4 
= Area x Non-Monsoon r a i n f a l l x r a i n f a l l 
i n f i l t r a t i o n . 
23319 X .0878 x 0.25 « 511.85 
I I . Recharge from s u r f a c e sources : 
(a) Recharge from canals t 
Applied seepage f ac to r ==2,5 cumec/lO" sq.m. of wet ted 
pe r ime te r 
To ta l se<3page = Isbn-mon3GOn-»-Monsoon = Year ly seepage (ha.m. ) 
1006 + 5 7 8 m 1584 
(b) Recharge from su r f ace water i r r i g a t i o n i 
(Return seepage f a c t o r for paddy = 40y», for o the r c rops 35'i) 
T o t a l r e t u r n seepage (hj.in. ) = Monsoon -f iNJon-motisoon 
= Yearly seepage (ha.m.) 
» 665 -»• 1068 - 1733 
G o n t J . . 
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( c ) Seepage from t a n k s s 
w a t e r s p r e a d a r e a = 466 ( h a | ) 
Seepage f a c t o r ( cm/yea^ ) = 50 
T o t a l Y e a r l y s e e p a g e ( h a . m . ) = 4^5 ^ Q ^ 5 . 233»0 
= Water s p r e a d a r e a x s e e p a g e f a c t o r = 
2 . TOTAL POTENTIAL RECHARGE ; 
T o t a l R e c h a r g e ( h a . m . ) = ( I + I I ) 
5435*42 -t- 3550 » 8 9 8 5 . 4 2 
Net A n n u a l R e c h a r g e a v a i l a b l e fo r d e v e l o p m e n t 
(85% of t o t a l a n n u a l r e c h a r g e ) = 7537 % 
3 , GROU^D'/tf>TER DRAFT : 
(a) D r a f t by S t a t e T u b e - W e l l s : 
= U n i t d r a f t x No. o f t u b e - w e l l s 
a22«3 X 28 
- 6 2 4 , 4 
(b ) D r a f t by s h a l l o w t u b e - w e l l s - \^Q^ X 2 3 8 2 «• 4 2 8 7 . 6 
( c ) D r a f t by pumping s e t s = ^•^ x 1822 - 2 5 5 0 . 8 
Cont>3. 
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( i ) G r o s s d r a f t (a + b + c) = 7 4 6 2 . 8 
( i t ) Ifet d r a f t (70% of g r a s s a n n u a l d r a f t ) = 5223 96 
4 . GROUNDWATER BALANCE j 
Net r e c h a r g e - Net d r a f t = U t i l i s a b l e r e s o u r c e p o t e n t i a l 
7 6 3 7 . 6 _ 5 2 2 3 . 9 6 =» 2 4 1 3 . 6 
STAGE OF QROUND^ I^ATER DEVELOPMENT : 
" , ^ , , ^ Net y e a r l y d r a f t 
S t a g e o f q r o u n d w a t e r d e v e l o p m e n t = ••—: •* v inn 
^ Net a n n u a l r e c h a r g e ^ ^^^ 
5 2 2 3 , 9 6 
Grey 
* Y e a r l y r a t e o f g r o u n d w a t e r d e v e l o p m e n t {%) = 24 
S t a g e o f d e v e l o p m e n t a t f i v e y e a r s = 
( P r e s e n t s t a g e = 5 x y e a r l y r a t e ) = 68o3 + 5x2 «* 78»3% 
C a t e g o r i z a t i o n of a r e a a t f i v e y e a r s = Orey 
iliftrtkifkk 
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BLOCK'WISS GROUNDWATER BALANCE STUDIES OF DISTT. MU2AFFAR N^GAR 
MlocK * Budhana 
1 . GROUNDWATER RSCHARQS : 
I , 'Groundwater Recharge by ;'Jater Level F l u c t u a t i o n - S p e c i f i c 
Yie ld Method t 
Adopted S p e c i f i c Yield i%) = n . 2 
(a) Monsoon Recharge = Area x Water Leval F l u c t u a t i o n x Sp. Yield 
m 23285 3t 1.37 x 0.112 
« 7975 
(b) Non-Monsoon Recharge = r a i t i f a l l i n f i l t r a t i o n f a c t o r = 25% 
= Are^ X Non-Monsoon r a i n f a l l x r a i n f a l l 
i n f i l t r a t i o n . 
= ^3285 X.081 X 0.25 « 471.5 
I I , Recharge from s u r f a c e sour^^es : 
(a) Recharge from cana ls t 
Appl ied seepage f ac to r = 2 , 5 cumec/lO" sq.m. of wet ted 
p e r i m e t e r 
To ta l seepage = Non-monsson+Monsoon = Year ly seepage (ha .m. ) 
- 97 + 7 0 - 167 
(b) Recharge from s u r f a c e water i r r i g a t i o n x 
(Ruiturn seepage f a c t o r for paddy = 40/., for o the r c rops 3 5X) 
T o t a l r e t u r n seepage (lia.m.) = Monsoon •¥ Non-morisoon 
= Yearly seepa^je (ha.m.) 
m 174 + 232 « 406 
Contd . . 
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( c ) S e e p a g e from tanlcs : 
w a t e r s p r e a d a r e a = 466 
S e e p a g e f a c t o r ( c m / y e a r ) = 50 
T o t a l Y e a c l y s e e p a g e ( h a . m , ) = 466 x 0»5 = 233*0 
= Water s p r e a d a r e a x s e e p a g e f a c t o r = 
2 . TOTAL PQTSiSiTIAL RSCHARCg : 
T o t a l R e c h a r g e ( h a . m . ) = ( I + I I ) 
- 9252*5 
Nst A n n u a l R e c h a r g e a v a i l a b l e for d e v e l o p m e n t 
(85?i of t o t a l a n n u a l r e c h a r g e ) = 7 8 6 4 . 6 2 
3 . GROU^DWATER DRAFT : 
(a) D r a f t by S t a t e T u b e - / / e l l s : 
= U n i t d r a f t x ^io. o f t u b e - w e l l s 
1 8 . 0 X 94 « 1 6 9 2 . 0 
(b ) D r a f t by s h a l l o w t u t e - w e l l s = 1«8 x 2535 • 4 5 6 3 . 0 
( c ) D r a f t by pumping s e t s = 1^4 j ^ 5^5 « 8 6 1 . 0 
C o n t d . 
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(1) Gros s d r a f t (a + b + c) = ^^^^ ^ 
( i i ) N2t d r a f t (70% o f g r a s s a n n u a l d r a f t ) = 
4981*2 
4. GROUNDWf^ TER BALANCE j 
Net r e c h a r g e - Net d r a f t = U t i l i s a b l e r e s o u r c e p o t e n t i a l 
' 7 8 6 4 . 6 2 - 4 9 8 1 . 2 « 2 8 8 3 . 4 2 
STAGS OF GROUNDWATER DSVELQFMSNT : 
• ^ , , ^ Net y e a r l y d r a f t 
S t a g e o f a round w a t e r d e v e l o p m e n t = * ^ Y l o o 
^ Net a n n u a l r e c h a r g e ^ ^^ 
"-7fflJ.-i2 ^ 100 «- 63.33% 
White 
Y e a r l y r a t e o f g r o u n d w a t e r d e v e l o p m e n t {%) = 2:^ 
S t a g e o f d e v e l o p m e n t a t f i v e y e a r s =( 6 3 . 3 3 + 5x2 ) 
( P r e s e n t s t a g e = 5 x y e 3 r l y r a t e ) = 73.33% 
C a t e g o r i z a t i o n of a r e a a t f i v e y e a r s = 
Grey 
tiii^ictfiilrk 
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BLOCKWISEGROyNDWAT^ BALANCE STUDIES OF D I S T T . MUZAFFAR N^GAR 
BlocX I Charthawal 
1 . GROUNDWATER PJSCHARGS : 
I . Groundwater Recharge by Water LeveJ F l u c t u a t i o n - S p e c i f i c 
Yield Method t 
Adopted S p e c i f i c Yield {%) = 13^5 
(a) Monsoon Recharge = Area x Water Leval F l u c t u a t i o n x Sp. Yield 
= 26750 X 1,91 X 0,135 
» 6897.48 
(b) Non-Monsoon Recharge = r a i n f a l l i n f i l t r a t i o n f a c t o r = 25% 
= Area x Non-Monsoon r a i n f a l l x r a i n f a l l 
* . • 
i n f i l t r a t i o n . 
» 26750 X .088 x 0 .25 « 5885.0 
I I . Recharge from s u r f a c e sources : 
(a) Recharge from cana l s t 
Applied seepage f a c t o r = 2 . 5 cumec/10 sq.m. of wet ted 
pe r ime te r 
Tota l seepage = Non-monsgon+Monsoon = Yearly seepage (ha .m. ) 
1535 + 874 » 2409 
(b) Recharge from s u r f a c e water i r r i g a t i o n x 
(Return seepage f a c t o r for paddy = 40/4, for o t h e r c rops 35/i) 
To t a l r e t u r n seepage? (ha.m.) = Monsoon •»• Non-motisoon 
= Yearly seepage (ha.m.) 
- 969 + 1581 - 2550 
ContJ , 
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(c) Seepage from tanks s 
water spread a rea = 535 
Seepage f a c t o r (on /year ) = 50 
Tota l Year ly seepage (ha.m.) = 535 x 0 .5 « 267«5 
= Water spread area x seepage f a c t o r = 
2, TOTAL POTENTIAL RScmRGB : 
Tota l Recharge (ha.m.) = ( I -•• I I ) 
7485.98 + 5226»5 
« 12712.48 
Nat Annual Recharge a v a i l a b l e for development 
(85% of t o t a l annual r e c h a r g e ) = 10805 6 
3 . GR0UM3WATER DRAFT x 
(a) Draft by S t a t e Tube-Wells t 
= Unit d r a f t x No. of t u b e - w e l l s 
• 22 .3 X 26 • 579.8 
(b) Draf t by sha l low t u b e - w e l l s = 1«8 x 1078 «• 1940*4 
<c) Droft by pumping s e t s = 1.4 x 4383 - 6136*2 
C o n t d . . , . 
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( i ) Gros s d r a f t (a + b + c) = 8 6 5 6 , 5 
( i i ) rfet d r a f t (70% o f g r a s s a n n u a l d r a f t ) = 
6 0 5 9 . 4 8 
4 . GROUNDWATER BALANCE t 
fet r e c h a r g e - Net d r a f t = U t i l i s a b l e r e s o u r c e p o t e n t i a l 
1 0 8 0 5 . 6 - 6059 .48 « 4 7 4 6 . 1 2 
STAGS OF GROUNDWATER DEVELQgMENT : 
Net y e a r l y d r a f t S t a g e o f g r o u n d w a t e r d e v e l o p n e n t = •±' *• X 100 
^ Net a n n u a l r e c h a r g e 
6 0 5 9 . 4 8 
* X 100 =» 56% 
1 0 8 0 5 . 6 
w h i t e 
Y e a r l y r a t e o f g r o u n d w a t e r d e v e l o p m e n t (>i) = 2:4 
S t a g e o f d e v e l o p m e n t a t f i v e y e a r s = ( 5 6 . 0 + 5x2 ) 
( P r e s e n t s t a g e = 5 x y e a r l y r a t e ) = 66.0% 
C a t e g o r i z a t i o n of a r e a a t f i v e y e a r s = Oroy 
* * * * * * * * 
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BLOCKWISB GROUNDWATER BALANCE STUDIES OF D I S T T . MUZAFFAR NAGAR 
1 , GROUNDWATER RECHARGS. : 
I , Ground»/ater Recharge by Water Level Fluctuation ~ Specific 
Yield Method j 
Adopted Specific Yield {%) = ig.O 
(a) Monsoon Recharge = Area x Water Leval Fluctuation x Sp. Yield 
» 45285 X 1.54 x 0*18 
= 12553,0 
(b) Non-Monsoon Recharge = rainfal l in f i l t ra t ion factor = 25"/4 
• = Area x Non-Monsoon rainfal l x ra infal l 
in f i l t ra t ion , 
» 45285 X .103 x 0.25 • 1166.0 
I I . Recharge from surface sources i 
(a) Recharge from canals s 
Applied seepage factor = 2 . 5 cumec/10~ sq.m, of wetted 
perimeter 
Total seepage = Nbn-monsoon+Monsoon = Yearly seepage (ha.m.) 
«• 6064 + 2725 - 8789 
(b) Recharge from surface water i rr igat ion t 
(Return seepage factor for paddy = 40?i, for other crops 35X) 
Total return seepage (ha.m.) = Monsoon *• Non-monsoon 
= Yearly seepage (ha.m.) 
- 418 + 1304 - 2118 
Contd.. 
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(c) Seepage from tanks s 
>;ater spread area = 906 
Seepage factor (an/year) = 50 
Total Yearly seepage Cha.jn,) = 906 xO»5 =». 453*0 
= Water spread area x seepage factor = 
2 . TOTAL POTENTIAL RBCHfiRGS : 
T o t a l R e c h a r g e ( b ^ . m . ) = ( I + I I ; 
13719.0 + 11360.0 
= 25079.0 
Net Annual Recharge ava i lab le for development 
(85% of t o t a l annual recharge) = 
21317*24 
3 . (yoUNDWATER DRAFT s 
(a) Draft by S t a t e Tube-Wells t 
= Unit d ra f t x No. of tube-wel ls 
22.3 X 47 - 1048.1 
(b) Draft by shallow tube-wells = 1,9 x 1562 • 2811*6 
<c) Draft by pumping se t s =• 1,4 x 3902 • 5462.8 
ContJ, 
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( i ) G r o s s d r a f t (a + b + c) = 
9 3 2 2 . 5 
( i i ) tfet d r a f t (70% of g r a s s a n n u a l d r a f t ) = 
6525.75 
4 . GROUNDWfiTER BALANCE : 
Net r e c h a r g e - Net d r a f t = U t i l i s a b l e r e s o u r c e p o t e n t i a l 
21317 - 6 5 2 5 . 7 5 » 14791 .47 
STftGE OF GROUNDWATER DEVELOPMENT j 
, . ^ , ^ Net y e a r l y d r a f t S t a g e o f g r o u n d w a t e r deve lopmen t = * ^ Y IOQ 
Net a n n u a l r e c h a r g e 
6525.75 
„ X 100 » 30.6% 
2 1 3 1 7 . 2 4 
w h i t e 
Y e a r l y r a t e o f g r o u n d w a t e r d e v e l o p m e n t {%) = 2^ 
S t a g e o f d e v e l o p m e n t a t f i v e y e a r s = ( 3 0 . 6 + 5 x 2 ) 
( P r e s e n t s t a g e = 5 x y e a r l y r a t e ) = 40.6% 
C a t e g o r i z a t i o n of a r e a a t f i v e y e a r s = 
Whlta 
* * * * * * * * 
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BLOGKWISE GROUNDWATER BALANCE STUDIES OF DISTT. MUZAFFAR NAGAR 
gilocK < Kalrana 
1 , GROUNDWATER RECHARGS ; 
I , Groundwate r Recha rge by w a t e r L e v e l F l u c t u a t i o n - S p e c i f i c 
Y i e l d Method t 
Adopted S p e c i f i c Y i e l d (%) = 1 3 . 8 
( a ) Monsoon R e c h a r g e = Area x Water L e v a l F l u c t u a t i o n x S p . Y i e l d 
m 23251 X 1 .12 X 0*138 
= 3593 .67 
(b) Non-Monsoon R e c h a r g e = r a i n f a l l i n f i l t r a t i o n f a c t o r = 25/4 
= Area x Non-Monsoon r a i n f a l l x r a i n f a l l 
i n f i l t r a t i o n . 
= 23251 X . 0 9 9 2 x 0 . 2 5 » 5 7 6 . S 
I I , R e c h a r g e from s u r f a c e s o u r c e s : 
( a ) R e c h a r g e from c a n a l s t 
A p p l i e d s e e p a g e f a c t o r = 2 . 5 cumec /10~ s q . m , of w e t t e d 
p e r i m e t e r 
T o t a l s e e p a g e = Non-monsson+Monsoon = Y e a r l y s e e p a g e ( h a . m . ) 
m 
626 + 324 m 950 
( b ) R e c h a r g e from s u r f a c e w a t e r i r r i g a t i o n t 
( R e t u r n s e e p a g e f a c t o r f o r paddy = 40%, fo r o t h e r c r o p s 3 5?4) 
T o t a l r e t u r n s e e p a g e ( h a . m . ) = Monsoon + Non-morisoon 
= Y e a r l y s e e p a g e ( h a . m . ) 
405 + 802 - 1207 
<Jo n t . J. 
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( c ) Seepage from t a n k s : 
w a t e r s p r e a d a r e a = 465 
S e e p a g e f a c t o r ( c m / y e a r ) = 50 
T o t a l Y e a r l y s e e p a g e ( h a . m . ) = 465 x 0«5 = 232*5 
= Water s p r e a d a r e a x s e e p a g e f a c t o r = 
2 . TOTAL POTENTIAL RSCmRGS : 
T o t a l R e c h a r g e ( h a . m . ) = ( I + I I ) 
4 1 7 0 . 3 + 2 3 8 9 . 5 
« 6 5 5 9 - 5 
Net A n n u a l R e c h a r g e a v a i l a b l e fo r d e v e l o p m e n t 
(85% of t o t a l a n n u a l r e c h a r g e ) = 5 5 7 5 , 8 
3 . GROUiNDWATER DRAFT j 
(a ) D r a f t by S t a t e Tube-Wel l s : 
= U n i t d r a f t x No. of t u b e - w e l l s 
2 2 . 3 X 37 - 8 2 5 . 1 
( b ) D r a f t by s h a l l o w t u b e - w e l l s = 1,8 x 2164 * 3 8 9 5 . 2 
( c ) D r a f t by pumping s e t s =» 1,4 x 1502 « 2 1 0 2 . 8 
r n n h , ? 
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( i ) Gros s d r a f t (a + b + c) = 6d23« l 
U i ) ffet d r a f t (70% o f g r a s s a n n u a l d r a f t ) . = 4 7 7 6 . 1 7 
4 , CROUNDWfiTER BALANCE : 
Net r e c h a r g e - Net d r a f t = U t i l i s a b l e r e s o u r c e p o t e n t i a l 
5 5 7 5 . 8 " 4 7 7 6 . 1 7 » 7 9 9 . 6 3 
STAGE OF GROUtDWATSR DEVELOPMENT : 
, . ^ , ^ Net y e a r l y d r a f t 
S t a g e o f g r o u n d w a t e r d e v e l o o m e n t = — •* ^ Y ^^.n 
Net annual recharge 
- -IZZhiZ- X 100 - 85.65% 
5575.8 
Dark 
Yearly r a t e of groundwater development {%) = 2.^  
Stage of development at five years = ( 85.65 + 5 x 2 ) 
(Present s tage = 5 x yearly r a t e ) = 95.65% 
Categorizat ion of area a t f ive years = Dark 
* * * * * * * * 
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BLOCKWISS GROUNDWATER BALANCE STUDIES OF D I S T T . MUZAFFAR KAGAR 
Block X Kandhla 
1 , GROUND'WATER RECHARGS : 
I , Groundwater Recharge by Vfeter Level F l u c t u a t i o n ~ S p e c i f i c 
Yield Method : 
Adopted S p e c i f i c Yield (%) = 14% 
(a) Monsoon Recharge = Ajrea-x" Water Lev3l F l u c t u a t i o n x Sp. Yield 
= 27453 X 1.26 x 0 ,14 
= 4861.9 
(b) Non-Monsoon Recharge = r a i n f a l l i n f i l t r a t i o n f a c t o r = 25X 
= Area x Non-Monsoon r a i n f a l l x r a i n f a l l 
i n f i l t r a t i o n . 
27453 X 0.0815 x 0.25 = 559.35 
I I , Recharge from s u r f a c e sources t 
(a) Recharge from cana ls t 
Applied seepage f a c t o r = 2 . 5 cumec/lO"" sq.m. of wet ted 
p e r i m e t e r 
Tota l seepage = ^bn-monsQon-»-Monsoon = Year ly seepage (ha.m. ) 
2360 + 1316 » 3676.0 
(b) Recharge from s u r f a c e water i r r i g a t i o n t 
(Return seepage f a c t o r for paddy = 40?4, for o t h e r c rops 35;i) 
T o t a l r e t u r n seepage (h^i.m.) = Monsoon + iNfon-morisoon 
= Yearly seepa-je (ha .m.) 
736 f 1355 » 2141.0 
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(c) Seepage from t anks : 
water spread a rea = 549 
Seepage f a c t o r (cm/year) = 50 
Tota l Year ly seepage (ha.m.) = 549 x 0 ,5 
= Water spread area x seepage f a c t o r = 274*5 
2. TOTAL POTENTIAL RSCH^GS : 
Tota l Recharge (ha.m.) = ( I ••• I I ) 
5421.25 + 6091,5 
11512.75 
Net Annual Recharge a v a i l a b l e for development 
(85?^ of t o t a l annua l r e c h a r g e ) = 
9785.84 
3 , C3R0U^DWATER DRAFT : 
(a) Draft by S t a t e Tube-Wells : 
= Unit d r a f t x Mo, of t u b e - w e l l s 
22.3 X 34 = 758.1 
(b) Draf t by sha l low t u b e - w e l l s = 1.8 x 3192 « 5745.6 
( c ) Draf t by pumping s e t s = 1,4 x 1666 • 2332.4 
< \ j i i t . i . 
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( i ) Gros s d r a f t (a + b + c) = 8 8 3 7 , 1 
( i i ) tfet d r a f t (70% o f g r a s s a n n u a l d r a f t ) = 6 1 8 5 . 3 4 
4 . GROUNDWATER BAIANCE : 
Net r e c h a r g e - Net d r a f t = U t i l l s a b l e r e s o u r c e p o t e n t i a l 
9 7 8 5 . 8 4 - 6 1 8 5 . 3 4 » 3 6 0 0 . 5 
STAGE OF GROUNDWATER DEVELOgMENT j 
S t a g e o f g r o u n d w a t e r d e v e l o p m e n t = —^—^ ^ y i «« 
Net a n n u a l r e c h a r g e ^ ^^^ 
9 7 8 5 . 8 4 
w h i t e 
Y e a r l y r a t e o f g r o u n d w a t e r d e v e l o p m e n t (%) = 2)i 
S t a g e of d e v e l o p m e n t a t f i v e y e a r s = ( 6 3 . 2 + 5 x 2 ) 
( p r e s e n t s t a g e =* 5 x y e a r l y r a t e ) = 73 .2% 
C a t e g o r i z a t i o n of a r e a a t f i v e y e a r s = n^my 
*ilM-tc*-k*1t 
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BLOCKWISS GROUNDWATER aAlANGE STUDISS OF DISTT. MUZAFFAR N?VGAR 
Block t Khataull 
1 . • GROUNDWATER PJECHARGS : 
I , groundwater Recharge by Water Level Fluctuatlgn - Specific 
Yield Method i 
Adopted Specific Yield (%) = 18% 
(a) Monsoon Recharge = Area x Water Leval Fluctuation x Sp. Yield 
31532 X 1.5 X 0.18 
« 8513.64 
(b) Non-Monsoon Recharge = ra infa l l in f i l t r a t ion factor = 25?4 
= Area x Non-Monsoon ra infa l l x ra in fa l l 
in f i l t r a t ion , - • 
» 31532 X .103 X 0.25 « 811.94 
I I , Recharge from surface sources j 
(a) Recharge from canals t 
Applied seepage factor = 2 , 5 cumec/lO" sq.m. of wetted 
perimeter 
Total seepage = Non-monsson+Monsoon = Yearly seepage (ha.m.) 
* 2774 + 6097 » 8871 
(B) Reclwrge from surface water i rr igat ion t 
(Return seepage factor for paddy = 40?4, for other crops 35^ 4) 
Total return seepage (ha,m. ) = Monsoon •• Non-mor^oon 
\y i 3i\^ i^ ^=tt^ ( ha. m. ) 
<;.^ 35 -»• 393 - &f^ 
% '" •^"-Ji:..ri.^j\. 
'^JJ "or'.Cl. 
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( c ) Seepag3 from t a n k s : 
v a t e r s p r e a d a r e a = c^ i 
S e e p a g e f a c t o r ( c m / y e a r ) = 50 
T o t a l Y e a r l y s e e p a g e ( h a . m . ) = 631 x 0 . 5 « 3 1 5 . 5 
= Wate r s p r e a d a r e a x s e e p a g e f a c t o r = 
2, TOTAL POTENTIAL RBCHfkRGE i 
T o t a l R e c h a r g e (ha . t n . ) = < I + I I ) 
9325.6 + 9812.5 
" 19138.0 
Nat A n n u a l R e c h a r g e a v a i l a b l e fo r d e v e l o p m e n t 
(85% o f t o t a l a n n u a l r e c h a r g e ) = 
^ 16267 .37 
3. cyou^Dw^TER DRAFT J 
(a ) D r a f t b y S t a t e T u b e - W e l l s : 
= U n i t d r a f t x No. o f t u b e - w e l l s 
2 2 . 3 X 43 « 9 5 8 . 9 
( b ) D r a f t b y s h a l l o w t u b e - w e l l s = 1»8 x 1240 • 2 2 3 2 . 0 
( c ) D r a f t by pumping s e t s = 1 .4 x4496 = 6 2 9 1 . 6 
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( i ) (3roS3 d raf t (a + b + c) = 9482,5 
( i i ) Nat d ra f t (70% of grass annual draf t ) = 6637.75 
4 . GROUNDWATER BAlAb^CE t 
Net r e c h a r g e - Net d r a f t = U t i l i s a b l e r e s o u r c e p o t e n t i a l 
1 6 2 6 7 . 3 7 - 6637 .75 « 9 6 2 9 . 6 2 
STAGE OF GROUNDWATER DEVELOPMENT j 
J - ^ J , ^ Net y e a r l y d r a f t 
S t a g e o f n r o u n d w a t e r d e v e l o p m e n t = * <* Y ir»n 
^ Net a n n u a l r e c h a r g e ^ ^ 
- JS lZlIS . ^ 100 o 40.8% 
16267.37 
w h i t e 
Y e a r l y r a t e o f g r o u n d w a t e r d e v e l o p m e n t {%) = 2)4 -• • 
S t a g e o f d e v e l o p m e n t a t f i v e y e a r s = / 4 0 , 3 -f 5 x 2 ) 
( p r e s e n t s t a g e = 5 x y e a r l y r a t e ) = 50 8% 
C a t e g o r i z a t i o n of a r e a a t f i v e y e a r s = w h i t e 
* * * * * * * * 
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BLOCKV/ISB GROUNDWATER BALANCE STUDIES OF DISTT« MUZAFFAR M^GAR 
Block t Mama 
1 . GROUNDWATER RSGHARcS : 
I , Groundv/ater Recharge by Water Level F l u c t u a t i o n •- S p e c i f i c 
Yield Method x 
Adopted S p e c i f i c Yield (%) = jsj^ 
(a) Monsoon Recharge = Area x VVater Leval F l u c t u a t i o n x Sp. Yie ld 
37248 X 1,64 x 6 .18 
« 10995,6 
(b) Mon-Monsoon Recharge = r a i n f a l l i n f i l t r a t i o n f a c t o r = 25% 
= Area x Non-Monsoon r a i n f a l l x r a i n f a l l 
i n f i l t r a t i o n . 
« 37248 X 0.133 x 0 ,25 
« 1238,5 
I I , Recharge from s u r f a c e sources : 
(a) Recharge from cana l s i 
Applied seepage f a c t o r - 2.5 cumec/lO" sq.m. of wetted 
pe r ime te r 
T^tal seeuau'=i ~ MDn-monsaon+Monsoon = Year ly aeepage (ha .m. ) 
» 8335 + 3941 » 12276 
(b) Recharge from s u r f a c e water i r r i g a t i o n i 
(Return seepage f a c t o r for paddy = 40%, for ot . .er c rops BS-'^ i) 
To ta l r e t u r n seepage (tia.m. ) = Monsoon -•• Mon-moiisoon 
= Yoir ly seepa.je (ha.m.) 
1506 + 2299 =» 3805 
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( c ) Seepage from t a n k s j 
w a t e r s p r e a d a r e a = 745 h a . m . 
Seepage f a c t o r ( c m / y e a r ) = ^^ 
T o t a l Y e a r l y s e e p a g e ( h ^ . m . ) = 
= Water s p r e a d a r e a x s ^ P a g e f a c t o r = 745 x 0 . 5 
3 7 2 . 5 
2 . TOTAL POTENTIAL RSCH^RGS : 
T o t a l R e c h a r g e ( h a . m . ) = ( I + I I ) 
10995»6 + 1 6 4 5 3 . 5 + 1 2 3 8 . 5 
a 2 8 6 8 7 . 6 
^5^t A n n u a l R e c h a r g e a v a i l a b l e fo r d e v e l o p m e n t 
(85% of t o t a l a n n u a l r e c n a r g e ) = _ . . . „ ^^ 
24348*46 
3 . (3^0U^DWATER DRAFT x 
(a ) D r a f t by S t a t e Tube -Wel l^ « 
= U n i t d r a f t x No. o f t u p e - w e l l s 
2 2 . 3 X 31 
- 6 9 1 . 3 
(b ) D r a f t by s h a l l o w t u b e - w e l l s = 18 x 714 « 1 2 8 5 . 2 
( c ) D r a f t by pumping s e t s = ^* ^ 2518 >• 3 5 2 5 . 2 
82 
( i ) Gros s d r a f t (a + b + c) = 5501»7 
( i i ) Ifet d r a f t (70% o f g r a s s a n n u a l d r a f t ) = 3851«19 
4 . GROUNDWATER BALANCE : 
Nat r e c h a r g e - Net d r a f t = U t i l i s a b l e r e s o u r c e p o t e n t i a l 
24384 .46 - 3851 .19 » 2 0 5 3 3 . 2 7 
STAGE OF GROUNDWATER DEVELOFMENT : 
J -,^ _ ^ , i. Net y e a r l y d r a f t S t a g e o f q r o u n d w a t e r d e v e l o p m e n t = * -^ y l o o 
^ Net a n n u a l r e c h a r g e ^ ^^^ 
3851 .19 */^ ^ . . . «^ . 
• X 100 = 15.79% 
24384 .46 
w h i t e 
Y e a r l y r a t e o f g r o u n d w a t e r d e v e l o p m e n t (%) = 2X> 
S t a g e o f d e v e l o p m e n t a t f i v e y e a r s = ^ 1 5 . 7 9 + 5 x 2 ) 
( P r e s e n t s t a g e = 5 x y e a r l y r a t e ) = 25.79% 
C a t e g o r i z a t i o n of a r e a a t f i v e y e a r s = w h i t e 
* * * * * * / ! * • 
83 
BLOCKWISS GROUNDWATfK BALANCE STUDIES OF DISTT. iMUZAFFAR NAGAR 
Block I Mizaffar Nagar 
1 . GROUmWATER RECHARGS ; 
I . Qroundv/ater Recharge by Water Level F l u c t u a t i o n - S p e c i f i c 
Yie ld Method t 
Adopted S p e c i f i c Yield (%) = ^^•^ 
(a) Monsoon Recharge = Area x Water Lev2l F l u c t u a t i o n x Sp, Yie ld 
- 25242 X 1.32 x 0*145 
a 4831.3 
(b) Non-Monsoon Recharge = r a i n f a l l i n f i l t r a t i o n f a c t o r = 25?i 
= Area x Non-Monsoon r a i n f a l l - x r a i n f a l l 
i n f i l t r a t i o n . 
« 25242 X .088 X 0.25 
» 555.32 
I I . Recharge from s u r f a c e sources : 
(a) Recharge trom cana l s t 
Applied seepage f a c t o r = 2 . 5 cumec/10 sq.m, of wet ted 
p e r i m e t e r 
Tota l seepage = Non-monsQon-»-Monsoon = Year ly seepage (ha .m. ) 
« 855 + 679 " 1534 
(b) Recharge from s u r f a c e water i r r i g a t i o n t 
(Return seepage f a c t o r for paddy = 40%, for o the r c r o p s 35%) 
To ta l r e t u r n seepage ;ha ,m.) = Monsoon •• Non-morfloon 
= Yearly seepage (ha.m.) 
- 1764 + 2221 
- 3985 , ^ , 
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(c) Seepage frcro tanks s 
V^ter spread area = 505 
Seepage fac tor (cm/year) = 50 
Total Yearly seepage (ha.m.) = 
= Water spread area x seepage fac tor = 505 x 0«5 
252^5 
2. TOTAL PQTSNTIAL RSCHAR(3S : 
T o t a l R e c h a r g e ( h a . m . ) = ( I -i- I I ) 
" 5 3 8 6 , 6 +( 1534 + 3985 + 2 5 2 , 5 } 
' 11158 .12 
Net Annua l R e c h a r g e a v a i l a b l e fo r d e v e l o p m e n t 
(85% of t o t a l a n n u a l r e c h a r g e ) = 
9 4 8 4 , 4 
3 . CyOUNDWATER DRAFT j 
(a) Draft by S t a t e Tube-Wells : 
-- Unit d ra f t x ^fo. of tube-wells 
22,3 X 10 
- 223.0 
(b) Draft by shallow tube-wells = 1,8 x 1054 • 1897,2 
(c) Draft by pumping se ts = ! •* ^ 3°^^ * 4296.6 
Contd. 
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( i ) Gros s d r a f t (a + b + c) = 6 4 1 6 , 8 
( i i ) Nst d r a f t (70% of g r a s s a n n u a l d r a f t ) = 4 4 9 1 . 7 6 
4 . GRQUl^WftTER BALANCE t 
ffet r e c h a r g e - Net d r a f t = U t i l i s a b l e r e s o u r c e p o t e n t i a l 
9 4 8 4 . 4 - 4 4 9 1 . 7 6 a 4 9 9 2 . 6 
STAGE OF GROUNDWATER DEVETLOPMENT j 
Net y e a r l y d r a f t 
S t a g e o f q r o u n d w a t e r d e v e l o p m e n t = •» * x 100 
Net annual recharge 
" A ^ l l i l t . X 100 - 47.36% 
9484,4 
white 
Yearly rate of groundwater development {%) = 2^ 
Stage of development at five years = (47,36 -1-5x2) 
(Present stage = 5 x yearly rate ) = 57,36% 
Categorization of area at five years - White 
* * i * r * * A t * * 
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BLOCKWISS GROUNDWATER BALANCE STUDIES OF DISTT. MU2AFFAR NAGAR 
Block t Purkazi 
1 . GROUNDWATER RECHARGS : 
I . Groundwater Recharge by Water Level F l u c t u a t i o n - S p e c i f i c 
Yie ld Method j 
Adopted S p e c i f i c Yield (%) = 15.3% 
(a) Monsoon Recharge = Area x Water Leval F l u c t u a t i o n x Sp. Y ie ld 
= 42566 X 1.74 x 0.153 
« 11331.92 
Cb) Non-Monsoon Recharge = r a i n f a l l i n f i l t r a t i o n f a c t o r = 25% 
= Area x Non-Monsoon r a i r j f a l i x r a i n f a l l 
I n f i l t r a t i o n . 
« 42566 X 0.0878 x 0.25 
I I . Recharge from s u r f a c e sources t 
(a) Recharge from cana l s t 
Appl ied seepage f a c t o r = 2 , 5 cumec/lO"" sq.m. of wet ted 
p e r i m e t e r 
To ta l seepage = Non-monseon+Monsoon = Yearly seepage (ha .m. ) 
7035 + 3342 = 10377 
(b) Recharge from s u r f a c e water i r r i g a t i o n t 
(Return seepage f a c t o r for paddy = 40%, for o t h e r c rops 35%) 
T o t a l r e t u r n seepage (ha.m.) = Monsoon + Non-monsoon 
= Yearly seepage (ha.m.) 
- 1372 4- 2252 
- 3624 
Contd. 
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( c ) Seepage from t a n k s s 
w a t e r s p r e a d a r e a = 851 
Seepage f a c t o r ( c m / y e a r ) = 50 
T o t a l Y e a r l y s e e p a g e ( h a . m . ) = 851 x 0 , 5 
= Wate r s p r e a d a r e a x s e e p a g e f a c t o r = 425»5 
2 . TOTAL POTENTIAL RBCHftitC^ : 
T o t a l R e c h a r g e , ( h a . m . ) = ( I •»• I I ) 
« 12266,24 + 14426.5 
= 26692 .74 
ifet A n n u a l R e c h a r g e a v a i l a b l e fo r d e v e l o p m e n t 
(85% of t o t a l a n n u a l r e c h a r g e ) = 22688»82 
3 . gtOU^DWATER DRAFT j 
(a ) D r a f t b y S t a t e T u b e - W e l l s t 
- U n i t d r a f t a No. o f t u b e - w e l l s 
" 2 2 . 3 X 34 a 7 5 8 . 2 
( b ) D r a f t by s h a l l o w t u b e - w e l l s = 1 .8 x 311 " 5 5 9 . 8 
( c ) D r a f t by pumping s e t s = 1.4 x 2772 - 3 8 8 0 . 8 
Cont i . . . . 
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( i ) Gross d r a f t (a + b + c) = 5 1 9 8 , 8 
( i l ) tfet d r a f t (70% o f g r a s s a n n u a l d r a f t ) = 3 6 3 9 , 1 6 
4. GROUNDVtf^ TER BALANCE » 
Net r e c h a r g e - Net d r a f t = U t i l i s a b l e r e s o u r c e p o t e n t i a l 
2 2 6 8 8 . 8 2 - 3639 .16 = 19049 .66 
STAGE OF GROUNDWATER DSVETLOFMENT : 
J *. o 1 *. Net y e a r l y d r a f t 
S t a g e o f Groundwater d e v e l o p m e n t = ———* * Y I Q O 
^ Net a n n u a l r e c h a r g e 
« -1522liL. X 100 = 16.03% 
2 2 6 8 8 . 8 2 
w h i t e 
Y e a r l y r a t e o f g r o u n d w a t e r d e v e l o p m e n t {%) = 2.!4 
S t a g e o f d e v e l o p m e n t a t f i v e y e a r s = 1 6 . 0 3 + ( 5 x 2 ) 
( P r e s e n t s t a g e = 5 x y e a r l y r a t e ) = 26.03% 
C a t e g o r i z a t i o n of a r e a a t f i v e y e a r s = White 
*it M* k it * * 
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BLOCKWISS GROUNDWATER BALANCE STUDIES OF DISTT« MUZAFFAR N^GAR 
Block t shahpur 
1 . GROUNDWATER RSCHARGS 
I . Groundwater Recharge by Water Level F l u c t u a t i o n - S p e c i f i c 
•Yield Method t 
Adopted S p e c i f i c Yield (%) = 11 .0 
(a) Monsoon Recharge = Area x Water Leval F l u c t u a t i o n x Sp,- Yield 
« 22375 X 2.29 x 0 .11 
= 5636.26 
(b) Non-Monsoon Recharge = r a i n f a l l i n f i l t r a t i o n f a c t o r = 25% 
= Area x Non-Monsoon r a i n f a l l x r a i n f a l l 
i n f i l t r a t i o n . 
"^  22375 X 0.0878 x 0.25 
= 491.13 
I I , Recharge from s u r f a c e sources t 
(a) Recharge from cana l s i 
Applied seepage f a c t o r = 2 , 5 cumec/10~ sq.m. of wet ted 
p e r i m e t e r 
Tota l seepage = Non-monsson+Monsoon = Year ly seepage (ha .m. ) 
=» 414 + 227 « 641 
(b) Recharge from s u r f a c e water i r r i g a t i o n t 
(Return seepage f a c t o r for paddy = 40?i, for o t h e r c rops 35/i) 
To t a l r e t u r n seepage (ha.m.) = Monsoon f Non-moraoon 
= Yearly seepage (ha .m.) 
= 351 + 559 - 910 
Coi i t i . . 
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( c ) Seepage from tanKs s 
vjater s p r e a d a r e a = 448 
Seepage f a c t o r ( c m / y e a r ) = 50 
T o t a l Y e a r l y s e e p a g e (bavtn,) = 
= Water s p r e a d a r e a x s e e p a g e f a c t o r = 
=: 448 X 0 . 5 a 2 2 4 . 0 
2 . TOTAL POTENTIAL RSCHARQS : 
T o t a l R e c h a r g e ( h a . m . ) = ( I + I I ) 
5636 .26 + 1775 
a 7411 .26 
Ifet A n n u a l R e c h a r g e a v a i l a b l e for d e v e l o p m e n t 
(85% of t o t a l a n n u a l r e c h a r g e ) = 
6 2 9 9 , 5 7 
3 , GROU^DWATER DRAFT i 
(a ) D r a f t by S t a t e T u b e - W e l l s : 
= U n i t d r a f t x No. o f t u b e - w e l l s 
2 2 . 3 X 49 
« 1092 .7 
(b ) D r a f t by s h a l l o w t u b e - w ^ l l s = 1.8 x 2493 • 4 4 8 7 . 4 
( c ) D r a f t by pumping s e t s = 1.4 x 1235 - 1 7 5 7 . 0 
Coat: 1. 
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( i ) G r o s s d r a f t (a + b + c) = 7 3 3 7 . 1 
( i l ) Nfet d r a f t (70% o f g r a s s a n n u a l d r a f t ) = 5 1 3 5 . 9 7 (ha.ra ) 
4 . GROUNDWf^ TER BALANCE : 
Net r e c h a r g e - Net d r a f t « U t i l i s a b l e r e s o u r c e p o t e n t i a l 
6 2 9 9 , 5 7 - 5135 .97 « 1163 .6 
STAGE OP GROUNDWATER DSVELOR-IENT : 
^ ^ , , *. Net y e a r l y d r a f t 
S t a g e o f g r o u n d w a t e r d e v e l o p m e n t = ——-^ ^ Y ion 
^ Net a n n u a l r e c h a r g e ^ ^^^ 
- 5 1 3 5 . 2 2 . :C100 - 8 1 . 5 
6299.57 
Grey 
Yearly rate of groundwater development (X) = 2^ 
Stage of development at five years = ( 81.5 + 5 x 2 ) 
(present stage = 5 x yearly rate ) = 91.53i6 
Categorization of area at five years = Dark 
* * / < * • * * * # 
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BL0C5CWISS GJROUNDViATJR BALANCE STUDIES OF DISTT. F"7JiFFAR NAGAR 
BigcJi t sharaUL 
1 . GROUNDWATER RECHARC^ : 
I , Groundwater Recharge by Water Level F l u c t u a t i o n ~ S p e c i f i c 
Yie ld Method : 
Adopted S p e c i f i c Yield (%) = 14.7 
(a) Monsoon Recharge = Area x Water Levs l F l u c t u a t i o n x Sp. Yield 
« 20422 X 1.14 X 0.147 
3422.3 
(b) Non-Monsoon Recharge =» r a i n f a l l i n f i l t r a t i o n f a c t o r = 25% 
= Area x Non-Monsoon r a i n f a l l x r a i n f a l l 
i n f i l t r a t i o n . 
a 20422 X 0.0992 x 0 .25 
» 506.46 
I I . Recharge from s u r f a c e sources t 
(a) Recharge from cana l s j 
Appl ied seepage f a c t o r = 2 . 5 cumec/lO"" sq.m. of wetted 
pe r ime te r 
To t a l seepage = Non-monsoon+Monsoon = Year ly seepage (ha .m. ) 
2834 + 1 5 3 7 » 4371 
(b) Recharge from s u r f a c e water i r r i g a t i o n t 
(Return seepage f a c t o r for paddy = 40%, for o t i ier c rops 35%) 
T o t a l r e t u r n seepage (ha.m.) = Monsoon + Nbn-monsoon 
= Yearly seepage (ha.m.) 
«• 482 + 918 
•- 1400 
C o n t d . . . 
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( c ) Seepage from t a n k s s 
w a t e r s p r e a d a r e a = 408 (ha«) 
Seepage f a c t o r ( c m / y e a r ) = 50 
T o t a l Y e a r l y s e e p a g e ( h a . m . ) = 408 x 0 . 5 
= JVafcer s p r e a d areQ x s e e p a g e f a c t o r = 204*0 
2 . TOTAL POTENTIAL RBCHtiRGS ; 
T o t a l R e c h a r g e ( h a . m . ) = ( I + I I ) 
« 9 9 0 3 . 7 6 
Net A n n u a l P e c h a r g e a v a i l a b l e fo r d e v e l o p m e n t 
(85% of t o t a l a n n u a l r e c h a r g e ) = 3413 5 
3 . glQUNDWATER DRAFT ; 
(a ) D r a f t by S t a t e T u b e - W e l l s : 
= U n i t d r a f t a No. o f t u b e - w e l l s 
2 2 , 3 X 9 » 2 0 0 . 7 
(b ) D r a f t by s h a l l o w t u b e - w e l l s = 1,8 ^ 2439 • 4390o2 
( c ) D r a f t by pumping s e t s = 1,4 ^ 1010 - 1 4 1 4 . 0 
C o n t i . . . . 
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( i ) Gros s d r a f t (a + b + c) = 6004 ,9 
(11 ) ffet d r a f t (70% of g r a s s a n n u a l d r a f t ) = 4203*43 
4, GROUND',v^TSR BALANCE : 
Nst r e c h a r g e - Net d r a f t = U t i l i s a b l e r e s o u r c e p o t e n t i a l 
8 4 1 8 . 2 - 4 2 0 3 . 4 3 =» 4 2 1 4 . 7 7 
STAGE OF GROUNDWATER DEVELOPMENT : 
^ ^ , , ^ Net y e a r l y d r a f t 
S t a g e o f a round w a t e r a e v e l o p t n e n t = •*—• ^ v 100 
^ Net a n n u a l r e c h a r g e ^ ^ 
a - l ? 2 ^ i l l - X 100 » 49.93% 
8 4 1 8 . 2 
w h i t e 
Y e a r l y r a t e o f g r o u n d w a t e r d e v e l o p m e n t ("xi) = 2^ 
S t a g e o f d e v e l o p m e n t a t f i v e y e a r s = 4 9 . 9 3 +(5 x 2) 
( P r e s e n t s t a g e = 5 x y e a r l y r a t e ) = 59.93% 
C a t e g o r i z a t i o n of a r e a a t f i v e y e a r s = White 
k M >i * •< * A * • 
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BLOCKWISE GROUf^ W^TER BALANCE STUDIES OF DISTT. MUZAFFAR NAGAR 
Bioc]i X Thana Bhawan 
1 . GROUNDWATER REGKARGS : 
I , GCQundwater Recharge by Water Level Fluctuation - Specific 
Yield Method t 
Adopted Specific Yield (%) = 13.0% 
(a) Monsoon Recharge = Area x Water Leval Fluctuation x Sp. Yield 
= 26290 X 1.62 X 0.13 
(b) Non-Monsoon Recharge = rainfal l in f i l t r a t ion factor = 25% 
= Area x Non-Monsoon rainfal l x ra in fa l l 
in f i l t ra t ion , 
= 26290 X 0.103 x 0.25 
= 676.96 
I I . Recharge from surface sources t 
(a) Recharge from canals s 
Applied seepage factor = 2 . 5 cumec/lO" sq.m. of wetted 
perimeter 
Total seepage = t>Jon-monsson+Monsoon = Yearly seepage (ha.m. ) 
« 2890 + 1621 = 4511 
(b) Recharge from surface water irr igation x 
(Return seepage factor for paddy = 40%, for other crops 3 5;^ ) 
Total return seepage (ha.m.) = Monsoon + Non-monsoon 
= Yearly seepage (ha.m.) 
- 726 + 1192 - 1918 
Cont 1. 
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( c ) Seepage from tanks t 
v e t e r spread area = 526 (ha^m.) 
Seepage f a c t o r ( a n / y e a r ) = 50 
Tota l Yearly s e e p a g e (ha .m. ) = 526 x 0 . 5 
= Water spread area x s e e p a g e f a c t o r = 263 
2 . TOTAL POTENTIAL RSCH^RGB t 
Tota l Recharge (ha .m.) = ( I + I I ) 
s 6 2 1 2 . 9 6 -f 6 6 9 2 . 0 
1 2 9 0 4 . 9 6 
Net Annual Recharge a v a i l a b l e for deve lopment 
(85% of t o t a l annual r e c h a r g e ) = 1 0 9 6 9 . 2 
3 , g^ OUNDWATER DRAFT t 
(a) Draf t by S t a t e Tube-Wells t 
= u n i t d r a f t x No. o f t u b e - w e l l s 
2 2 . 3 X 16 » 3 5 6 . 8 
(b) Draf t by s h a l l o w t u b e - w e l l s = 1 .8 x 1451 « 2 6 1 1 . 8 
( c ) Draf t by pumping s e t s =» ^^4 ^ 4014 . 5 6 1 9 . 6 
r-o>rTf-,-^ 
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( i ) G t o s s d r a f t (a + b + c) = 8 5 8 8 , 2 
( i i ) ifet d r a f t (70% o f g r a s s a n n u a l d r a f t ) = 6 0 1 1 . 7 4 
4 . GROUNDWATER BALANCE : 
Net r e c h a r g e - Net d r a f t = U t i l i s a b l e r e s o u r c e p o t e n t i a l 
1 0 9 6 9 . 2 - 6011 .74 = 4 9 5 7 . 4 6 
STAGE OF GROUNDWATER DEVELOFMENT t 
^ ^ ^ , *. Net y e a r l y d r a f t 
S t a g e o f g r o u n d w a t e r d e v e l o p m e n t = — * * v lOO 
^ Net a n n u a l r e c h a r g e 
h a r g e 
- X IC 
1 0 9 6 9 . 2 
6 0 1 1 . . Z i .  100 - 54.8% 
w h i t e 
Y e a r l y r a t e o f g r o u n d w a t e r - d e v e l o p m e n t (%) = 2)i 
S t a g e o f d e v e l o p m e n t a t f i v e y e a r s = 5 4 . 8 + ( 5x2 ) 
( P r e s e n t s t a g e = 5 x y e a r l y r a t e ) = 64.8% 
C a t e g o r i z a t i o n of a r e a a t f i v e y e a r s = w h i t e 
* 4 r * * * * * * 
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BLOCKWISS GROUNDWATER BALANCE STUDIES OF DISTT. MUZAFFAR NAqAR 
B l o c k I UQ 
I . GROUNDWATER RECHARGS : 
^» Groundwate r Recha rge by Water L e v e l F l u c t u a t i o n - S p e c i f i c 
Y i e l d Method t 
Adopted S p e c i f i c Y i e l d (?i) = 8,80?6 
( a ) Monsoon R e c h a r g e = Area x Water L e v a l F l u c t u a t i o n x S p , Y i e l d 
» 4U757 X 2 X . 0 8 8 
7 1 7 3 . 2 3 
(b) Ibn-Monsoon R e c h a r g e = r a i n f a l l i n f i l t r a t i o n f a c t o r = 25% 
= Area x Non-Monsoon r a i n f a l l x r a i n f a l l 
i n f i l t r a t i o n . 
« 40757 X . 0 9 9 2 x 0 . 2 5 « 1010*77 
I I , R e c h a r g e from s u r f a c e s o u r c e s : 
( a ) R e c h a r g e from c a n a l s t 
A p p l i e d s e e p a g e f a c t o r = 2 , 5 cumec /10~ sq . ra . of w e t t e d 
p e r i m e t e r 
T o t a l s e e p a g e = Non-monsaon-hMonsoon = Y e a r l y s e e p a g e ( h a , m . ) 
m 314 + 216 » 530 
(b ) R e c h a r g e from s u r f a c e w a t e r i r r i g a t i o n : 
( R e t u r n s e e p a g e f a c t o r f o r paddy = iO'/t, f o r o t h e r c r o p s 35%) 
T o t a l r e t u r n s e e p a g e ( h a . m . ) = Monsoon + Non-monsoon 
= Y e d r l y seepav^e ( h a . m . ) 
- 258 + 287 
- 545 
G o n t d . . 
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(c) Seepage from tanks s 
mtec spread area = 815 
Seepage fac tor (on/year) = ^^ 
Total Yearly seepage (ha.m,) = 
= Water spread area x seepage fac tor = ®^^  ^ ^*^ 
» 407.5 
2, TOTAL P O T S N T I A L RSCH^dS : 
T o t a l R e c l ^ r g e ( h a . m , ) = ( I + I I ) 
tf ( 8 1 8 4 . 4 + 1 4 8 2 . 5 ) 
»• 9 6 6 6 . 5 
Nat A n n u a l R e c h a r g e a v a i l a b l e fo r d e v e l o p m e n t 
(85?4 of t o t a l a n n u a l r e c h a r g e ) = 8216 5 
3 . (3^0UNDWATER DRAFT : 
( a ) D r a f t by S t a t e Tube-Wel l s t 
- U n i t d r a f t x Nto. o f t u b e - w e l l s 
2 2 . 3 X 81 - 4 5 1 . 6 
( b ) D r a f t by s h a l l o w t u b e - w e l l s = 1«8 x 3400 - 6 1 2 0 . 0 
( c ) D r a f t by pumping s e t s =« 1»4 X 4038 • 5 6 5 3 . 2 
r'/-M-i+- -1 
100 
( i ) G r o s s d r a f t (a + b + c) = 13579 ,5 
( i i ) Ifet d r a f t (70% of g r a s s a n n u a l d r a f t ) = 9505 ,65 
4 . GROUNDWATER BALANCE x 
Nat r e c h a r g e - Net d r a f t = U t i l i s a b l e r e s o u r c e p o t e n t i a l 
8216,5 - 9505.65 » 1289,1 
STAGE OF GROUNDWATER DEVELOPMENT x 
S t a g e o f g r o u n d w a t e r d e v e l o p m e n t = -2—yea^^ ly d r a f t 
Net a n n u a l r e c h a r g e ^ ^^^ 
8216.5 
Dark 
Yearly rate of groundv/ater development {%) - 2% 
Stage of development at five years = ( 115.6 -f 5 x 2 ) 
(Present stage = 5 x yearly rate ) = 125.6% 
Categorization of area at five years = Dark 
*r * « * * * ,s 
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According t o the groundwater balance study of d i s t r i c t 
Muzaffamagar, the gross groundwater recharge i s 204370,85 ha.ra. 
and the net u t i l i s a b l e groundwater recharge worked out i s 
173715.22 ha.m. While gross d r a f t i s 11032.57 ha.m. and net 
annual d r a f t i s 77227.90 ha .m. , leaving a balance of 95064.82 ha.m, 
These e s t i m a t e s show that only 44.45% of groundwater 
resources have t>een developed so f a r . Hence, i t f a l l s under 
the white c a t e g o r y . In view of only 44.45 per cent of ground-
water development, there i s a large scope for the development 
Of the groundwater i n future through shal low and deep t u b e - w e l l s 
i n the d i s t r i c t . 
Out of fourteen blocks t en blocks f a l l under white 
category ( i . e . Purkazi, Morna and Jansath) showing 16.03%, 
15.79% and 30,6% r e s p e c t i v e l y . The prospect of groundwater 
development i s very high i n t h e s e three b l o c k s . Other seven 
b locks are a l s o f a l l i n g under white ca tegory . The two b locks 
Baghra, Shahpur and the other two blocks Kairana and Un f a l l 
under the grey and dark c a t e g o r i e s r e s p e c t i v e l y (Tab le -12 ) , 
and P la te s -XIII and XIV. 
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CHAPTER-VI 
ANALYTICAL TECHNIQUES AND PROCEDURES 
CHAPTER - VI 
ANALYTICAL TECHNIQUES & SAMPLING PROCEDURES 
Water is a dynamic system. Validity of chemical analysis 
data* produced by different laboratories, mostly depends on 
care and precautions exercised during collection of water 
sairples, its preservation and time of despatch to the chemical 
laboratory for analysis. Instrumental analysis has now occupied 
a key position in water quality as well as soil sediments 
investigation, however, some classical methods still find 
satisfactory. 
SELECTION OF SAMPLING POINT s 
In conducting a definition programme for water and waste 
water, the sanqpling method eir^ jloyed is important. Firstly, the 
information needed to define the system has to be established 
and the result should not be tailored to the way the sample was 
collected. But the sample collection should be designed so as 
to define the system. Depending upon the water to be sampled, 
the criteria for selection of sanple collections points vary. 
In general, sampling point should be selected so as to 
define the quality of the raw water supply, of the final 
106 
discharge to the receiving system or sewer itsel£. For receiving 
stream^ sanples should oe collected from both upstream and down-
stream of the outfall. If it is determined that the discharged 
stream contains unacceptable level of contaminants, it-^ is 
necessary to collect additional system backing up towards the 
source to define the specific process source of contamination* 
COLLECTION OF WATER SAMPLES t 
Sanpling play a vital role in the studies of natural 
water conposition and is the major source of error in the 
entire process of obtaining water quality information in 
which a small sample may be reliably considered to be representa-
tive of large volume of material, depends upon several factors s-
(a) The homogeneity of the material oeing sampled. 
(b) Number of samples collected carefully. 
(c) Manner in which sampling has been practised. 
(d) Size of individual sample. 
(e) Time, data, month and season of the samples collected. 
Due to probable diurnal and seasonal variation in the 
quality of water, samples of water for analysis should be 
collected frequently and over a long period so that they may 
be representatives of water body to be used as a whole. The 
water samples should be collected in clean and sterilized 
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bottles having stoppers. The oottles could be sterilized by 
washing them with cone. H^fO^ or H2SO. which should be completely 
removed during washing with distilled water, 
IRie water and bottle should not be touched while collecting 
the water. The place* date« time, temperature, atmospheric 
pressure and particulars about the samples (i.e. source« 
sedimentation tank, or filter* etc.) should be noted on the 
bottle. Also lor a particular unit, the sample may be of 
influent or eftluent. 
Before collecting the sanple following points aire to oe 
considered t-
(1) If the water is to be collected from tape or facet, 
sufficient quantity of water should oe passed out 
before sainpling in order to eliminate stagnant water. 
(2) If the water is to be collected from surface stream, 
it should be taken from 40 to 50 cm below the surface 
in order to avoid surface lir^urities. 
(3) If an underground water is to be sampled, sufficient 
water should be pumped before sampling. 
For physical examination, water may be collected m fully 
cleaned ordinary buckets or plastic jarricans. For chemical test 
the glass bottle of more than two litres capacity should be used. 
For bacteriological examination, person engaged in sampling must 
be free from any disease. 
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PRESERVATION OF WATER SAMPLES t 
Complete and unequivocal preservation of samples* either 
domestic sewage, industrl.al waste or-natural waters, is a 
practical impossibility. Regardless o£ the nature of the 
san4>le, complete stability for every constituents can never 
be achieved. At best, preservation techniques can only retard 
the chemical and biological changes that inevitably continue 
after the sample is removed from the parent source. 
Method of preservation are relatively limited and are 
Intended generally (i) to retard biological action (ii) to 
retard hydrolysis of chemical compounds and complexes and 
(iii) to reduce volatility of constituents. Preservation 
methods are generally limited to pH control, chemical addition, 
refrigeration and freezing. 
The recommended choice of preservatives for various 
constituents is given in the following Table. 
Parameter Preservative Max. holding period 
Acidity-alkalinity Refrigeration at 4^C 24 hours 
Biochemical oxygen Refrigeration at 4^C 6 hours 
demand 
Calcium None required 7 days 
cont. 
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Parameter 
C3iemical oxygen demand 
Chloride 
Colour 
Cyanide 
Dissolved oxygen 
Fluoride 
Hardness 
Total metal 
Metal dissolved 
pH 
Solids 
Specific conductance 
Sulphate 
Sulphide 
Threshold odour 
Turbidity 
Preservative Max, 
2 ml H2SO- per litre 
Nbne required 
Refrigeration at 4^C 
NaOH to pH 10 
Determined on site 
None required 
None required 
5 ml HNOj per litre 
filtrate - 3 ml -
IHNOg/per litre 
Determined on site 
None available 
None required 
Refrigeration at 4*^ C 
2 ml Zn acetate per litre 
Refrigeration at 4*^ C 
Nbne available 
.holding period 
7 days 
7 days 
24 hours 
24 hours 
No holding 
7 days 
7 days 
6 months 
6 months 
N6 holding 
7 days 
7 days 
7 days 
7 days 
24 hours 
7 days 
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WATER SAMPLE PROCEDURE S 
During the sampling programme information regarding 
industries, irrigation and river were also collected, polythene 
bottles of one litre capacity, soaked in acid and rinsed with 
distilled water were used for the collection of water samples. 
Water sannples were collected by using a clean stainless steel 
water sampler. Before transferring the water into the bottle, 
the bottle was rinsed with the water to be sampled. A portion 
of sample was immediately filtered through Whatman filter paper 
No. 42 and preserved with 6N HNO, (5 ml/1). The second portion 
of water was utilized tor physico-chemical analysis without 
adding any preservative. 
pH Determination of Water t 
pH of water is determined electrometrically using pH 
meter with glass and retexrence electrodes. 
Reagents t 
Buffer solutions of pH 4, 7 and 9 which may be prepared 
from the respective buffer tablets. 
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TECHNIQUES FOR DETECTION AND DETERMINATION OF ELEMENTS t 
1 . Voluroetrlc Method ; 
Volumetric methods unlike gravimetric methods which are 
mainly confined to precipitation reactions are applicable to 
almost every type of chemical reactions, e.g. precipitation 
reactions, neutralizat^hs, complexion formation and oxidation 
and reduction reactions. The sensitivity of volumetric Inethod 
is increased by the use of more dilute standard solutions 
(e.g. n/AO, N/80, N/100, N/1000), then those generally employed 
in ordinary analysis. 
2. Flame Photometry : 
In this technique the sample solution is atomised, sprayed 
into a special design burner, and the intensity of the light 
emitted by a particular spectral line is measured with the aid 
of suitable light filter, a photo electric cell and a galvano-
meter. 
Sodium and potassium elements are determined by this 
method, £>ecause this method is particularly useful and rapid 
one for traces of sodium and potassium. 
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3. Atomic Absorption Spectrophotometry t 
Metals In solution may readily determined by atomic 
absorption spectroscopy. Ttie method Is simple rapid and 
applicable co a large numoer of metals In s.urface waters/ 
domestic and Industrial wastes and saline waters* 
Atomic Absorption ^ectroscopy Is similar to flame 
emission photometry In that the sample is atoialzed and aspirated 
Into tlame. rlame photorretry, however, measure, the amount of 
light emitted, whereas, the atomic absorption spectrophotometry 
a light beam is directed through the flame into a monochrometer, 
and onto a detector, that measure the amount of light absorbed. 
In many Instances absorption is more sensitive because 
it depends upon the presence of free unexcited atoms and 
generally the ratio of unexcited to excited atoms at a given 
mcxnent is very high. As the wave-length of the light beam Is 
characteristics of only the metal being determined, the light 
energy absorbed by the flame is a measure of the concentration 
of that metal in the sample. 
The Instrument named as GBC Atomic Absorption Spectro-
photometer (Germany) is used for the detection and determination 
of calcium (Ca), Magnesium (Mg), Sodium (Na), Potassium (K) . 
Iron (Pe), Nickel (Ni), Cobalt (Co), Chromium (Cr), Zinc (Zn), 
Lead (Pb), Manganese (Mn) and Lithium (u). For the best result 
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we used different standards solution and a series of samples' 
1 1 *.4^ ^^ / t Sample concentration ions of sample 
calculation Mg/ml - ^ standard Absorbance ^ ^ 
DETERMINATION OF Mq'*"*' AND Ca"*"*" 
Mg"*"*" - By EDTA Titration s 
Find out the strength of supplied magnesium solution 
using EDTA method. 
R e a c t i o n s 
+2 2 - 2 - + 
Mg + H^ ZZZZZZHZIIIZ ^gY + 2H^ 
Indicator j 
Eriochrome Black - T 
Preparation of Buffer Solution (pH =» 10) : 
Add 57 ml of concentrated solution to 7 gm of ammonium 
chloride and dilute it to 100 ml with distilled water. 
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End Point : 
Sharp change in colour from wine red to blue 
2+ 
In Pipette (Conical Flask) s Mg ion solution 
_£L MgSO..7H,0 solution 
100 * 2 
MgSO^.VHjO, Mold, w e i g h t = 2 4 6 . 5 
Amount o f MgSO^.THjO (^/lOO) t o be d i s s o l v e d i n 1000 ml 
measuring f l a s k » j^^^^ x \Q^Q » 0 , 2 4 6 5 gm. 
•jf^ (CH3COO)2Mg.4H20 s o l u t i o n 
Mg(CH2COO)2.4H20, Mol . w e i g h t » 2 1 4 . 4 3 
Amount o f Mg(CH2CCX>)2«4H20 (M/lOO) t o be d i s s o l v e d i n 1000 mi 
measuring f l a s k = -^g-g— x j ^ ^ - 0 . 214 gm. 
In B u r e t t e j EDTA S o l u t i o n 
Mol. w e i g h t of EDTA =» 3 7 2 . 2 4 
M/lOO EDTA i n 1000 m l , n e a s u r i n g f l a s k » 3 7 2 . 2 4 / 1 0 0 
» 3 . 7 2 gm. 
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procedure : 
TaJce 20 mi of magnesium ion solution (unknown) in conical 
flask and added to it 20 ml of distilled water. Also added 2 ml 
of the buffer solution and 2 to 4 drops of Eriochrome black T 
indicator in solution. A wine red colour is obtained. Go on 
adding EDTA solution drop wise from the burette till there is 
a sharp change in colour from wine red to blue with one drop 
of EDTA solution. Repeat the titration till the concordant 
reading are obtained. 
NOW repeat the titration in similar manner in the 
standard solution. 
Precautions : 
2+ 
(1) No Other alkaline earth metal (except Mg which is 
under estimation) should be present in the solution 
as they interfere in the titration. 
(2) The colour change near the end point is very slow 
hence care must be taken to avoid over titration. 
Ca"*""*" - EDTA TITRATION t 
Indicator - Sam* as in experiment of Mg 
End Point - Same as in experiment of Mg 
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In conical flask - Ca ion solution 
In Burette - EDTA solution as in Mg 
Procedure j 
Take 2 0 ml o£ calcium ion solution (unknovm) in conical 
flask and add to it 20 ml of distilled water. Add approximately 
2 ml of iDufter, 1 ml of Mg - EDTA complex solution and 2 to 4 
drops of Briochrome black T indicator, a wine red colour is 
obtained. Go on adding EDTA solution drop wise from the 
burette. Till there is a sharp change in colour from wine 
red to blue wfth one drop of EDTA solution. Repeat the 
titration till the concordant readings are obtained. Now 
repeat the titration in the similar manner with the standard 
solution. 
DETERMINATION OF SODIUM AND POTASSIUM x 
Flame photometric method has been used for the determina-
tion of traces of sodium and potassium. 
Here the sample water is atomised, spread into a special 
designed burner and intensity of light emitted by a particular 
spectral line is measured with the aid of a suitable light 
filter. Sodium filter in the case of determining sodium and 
potassium filter in the case of determination of potassium. 
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DETERMINATION OF TRACE METAL BY ATOMIC ABSORPTION S 
General Procedure for Analysis t?y Atomic Absorption s 
In general after choosing the proper hollow cathode lanp 
for the analysis. The lamp should be allowed to warm up for a 
lalnlnum of 15 minutes. During this period align the Instrument, 
position the monochromator at the correct wave length. Select 
the proper monochromator silt width and adjust the hallow 
cathode current subsequently light the flame and regulate the 
flow of fuel and oxidant. Adjust the txirner and nebulizer flow 
rate for maximum per cent absorption and stability and balance 
the photometer. Runa series of standards of the elements under 
analysis set the curve corrector to read out the proper concen-
tration. For best results run standards each time a sample or 
series of samples are run. 
COPPER i 
Optimum concentration 
Range 
sensitivity 
Detection Limit 
- 0.2 to 10 mg/1 using a wave length 
of 324.7 mm. 
-.0.1 mg/1 
- 0.01 mg/1 
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Preparation of Standard Solution t 
(1) Stock Solution - Carefully %*eight 1.0 mg of electro-
lyte copper (analytical reagent grade). Dissolved 
in 5 ml redistilled HNO, and made up to 1 litre in 
the deionized distilled water. Final concentration 
is 1 ing Cu per ml (1000 mg/1). 
(2) Prepared solution of the stock solution to be used 
as Calibration standard at the time of analysis. 
Instrumental Parameter x (General) 
1, Copper hollow cathode lamp 
2, Wave length - 3247 nra 
3« Fuel - Acetylene 
4. Oxidant - Air 
5. Type of flame - Oxidizing 
LEAD s 
Optimum concentration 
Range 
Sensitivity 
Detection Limit 
- 1,20 rag/1 using a wave length of 
283.3 mm. 
- 0.5 rag/1 
-0.04 mg/1 
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Preparation of Staridard Solution i 
(1) Stock Solution - Carefully weighed 1.599 gm of lead 
nitrate (pb(N02)2) (Analytical reagent grade) and 
dissolved in deionized distilled water. When solution 
was completely acidified with 10 ml of redistilled 
HNO3 and diluted to 1 litre with deionized distilled 
water 1 ml » 1 mg, Pb UOOO mg/1). 
(2) Prepared dilutions of the stock solution to be used 
as standard at the time of analysis. The standards 
were prepared using the same type of acid (HCl) and 
at the same concentration as the samples for analysis. 
Instrumental Parameter s (General) 
1. Lead hollow cathode lamp 
2. Wave length - 283.3 nm 
3. Fuel - Acetylene 
4. Oxidant - Air 
5. Type of flame - S l ight ly oxidizing 
MAtlGANESE > 
Optimum c o n c e n t r a t i o n Range - 0,5 t o 10 rag/1 using a wave l ength 
of 279,8 nm 
sensitivity - 0.05 mg/1 
Detection Limit - 0.01 mg/1 
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Preparation of Standard Solution s 
(1) Stock Solution - Carefully weighed 1000 gm o£ manganese 
metal (analytical reagent grade) and dissolved In 10 ml 
of redistilled HNO,. When solution is conplete, diluted 
to 1 litre with 1 s 1 (V/V) HCi. 1 ml « 1 mg (1000 mg/1). 
(2) Prepared dilutions of the stock solution to be used as 
standards at the time of analysis. 
Instrumental Parameters s (General) 
1. Manganese hollow cathode lamp 
2. Wave length - 279.8 nm 
3. Fuel - Acetylene 
4. Oxidant - Air 
5 . Type of flame - Oxidizing 
ZINC s 
Optimum concentrat ion Range -
S e n s i t i v i t y 
Detect ion Limit 
O.OS to 2 mg/1 us ing a wave l e n g t h 
of 213.9 nm 
0.02 mg/1 
0.005 rog/1 
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Preparation of Standard solution j 
(1) StocJ^  Solution - Carefully weighed 1.0 mg of zinc 
metal (analytical reagent grade) and dissolved 
cautiously in 10 ml HIIO^ . When solution was coirplete, 
made up to 1 litre with de-ionlzed distilled water 
1 ml « 1 mg* 2n (1000 rngVl)« 
(2) Prepared d i l u t i o n s of the stock s o l u t i o n t o be used 
as standards at the time of a n a l y s i s . 
Instrumental Parameters s 
1 . Zinc hol low Cathode lamp 
2 . Wave length - 213.9 nm 
3 . Fuel - Acetylene 
4 . Oxidant - Air 
5. Type of flame - Oxidizing 
IRON s 
Optimum concentrat ion Range - 2 t o 9 mg/1 us ing a wave l ength 
of 248.3 nm 
Sensitivity - 0.05 mg/1 
Detect ion Limit - 0,01 mg/1 
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Preparation of Standard Solution s 
(1) Stock Solution - Dissolve 1.000 g of iron in 20 ml 
of 5 N hydrochloric acid and 5 ml of 6 N nitric acid 
and diluted to one litre, 
(2) Then the prepared stock solution to be used as 
standards at the time of analysis. 
Instrumental Parameters J 
1. Iron hollow cathode lamp 
2. Wave length - 248.3 nm 
3. Fuel - Acetylene 
4. Oxidant - Air 
5. Type of flame . Oxidizing 
COBALT i 
Optimum concentrat ion Range - 2 ,5 to 9 mg/1 us ing a wave l e n g t h 
of 240.7 nm 
sensitivity - 0.05 mg/1 
Detection limit - 0.01 mg/l 
preparation of Standard Solution s 
(1) stock solution - weighed 1000 g of cobalt (99.9976) in 
minimum of 6 N nitric acid and dilute to one litre. 
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Instrumental Parameters : 
1. cobalt hollow cathode lamp 
2. Wave length - 2 32 nm 
3. Fuel - Acetylene 
4. Oxidant - Air 
5 . Type of f lame - Ox id i z ing 
CADMIUM : 
Optimum c o n c e n t r a t i o n Range -
S e n s i t i v i t y ' 
D e t e c t i o n L imi t 
0.2 to 1.8 mg/1 using a wave length 
of 228.8 nm 
0.009 mg/1 
0.001 mg/1 
Preparation of Standard Solution t 
(1) Stock Solution - Carefully weighed 1.000 gm of cadmium 
metal (analytical reagents grade) and dissolved in 20 
ml of 5 N hydrochloric acid containing 0,5 ml of cone, 
nitric acid and dilute to 1 litre. 
(2) Prepared dilution of the stock solution to be used as 
standard at the time of analysis. 
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Instrumental Parameter t 
1. Cadmium hol low cathode lanp 
2 . Wave l ength - 228.8 nm 
3 . Fuel - Acetylene 
4 . Oxidant - Air 
5. Type of flame - Oxidizing 
CHROMIUM s 
Optimum concentrat ion Range -
s e n s i t i v i t y 
Detect ion Limit -
2 t o 15 mg/1 using a wave l ength 
of 357.9 nm 
0.05 mg/1 
0.01 mg/1 
Preparation of Standard Solution s 
(1) Stock Solution - Weighed 1.000 gm of chromium metal 
(99.99%) in 50 ml of cone, hydrochloric acid and 
dilute to 1 litre (1000 mg/1 Cr). 
(2) Prepared dilution of the stock solution to be used 
as standard at the time of analysis. 
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Iiaatrumental Parameters t 
1. Chromium hollow cathode tabe 
2 . Wave length - 357.9 nm 
3 . Fuel v- Acetylene 
4 . Oxidant w- Air 
5. Type of flame ^ Highly reducing 
DEFINITION OP TERMS i 
sensitivity t TSie concentration in mlllgrams of metal per litre 
that produces an absorption of 1%, 
Detection Limit i. The concentration that produces an absorption 
equivalent to twice the magnitude of the fluctua-
tion in the background (zero absorption). 
CHAPTER- V 
WATER QUALITY OF THE AREA 
CHAPTER .VII 
WATER QUALITY OP THE AREA 
Quality of groundwater Is equally Important like Its 
quantity in determining the suitability of a particular ground-
water for a certain use (Public Water Supply, irrigation, 
industrial application, cooling heating power generation, etc.). 
The quality of groundwater is the resultant of all processes 
and reactions that have acted on the water from the moment it 
condensed in the atmosphere to the time it is discharged by a 
well or spring. Therefore, the quality of groundwater veries 
from place to place, with the depth of water table, and from 
season to season and is primarily governed by the extent and 
composition of dissolved solids in it. The kind and concentration 
of dissolved solids depends upon source of salts and subsurface 
environment, movement, and source of the groundwater. 
The intensive use of natural zresources and the large 
production of wastes in modern society often pose a threat 
to groundwater quality and has already resulted in many 
incidents of groundwater contamination. Degradation of ground-
water quality can take place over large areas from plain or 
diffuse sources like deep percolation from intensively farmed 
fields, or it can be caused by point sources such as septic 
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tankS/ garbage, disposal sites, cementaries, mine spoils, oil 
spills or other accidental entry of pollutants into the under-
ground environment. A third possibility is contamination by line 
sources of poor quality water, like seepage from polluted streams. 
Salts are added to*groundwater passing through soils by 
soluble products of soil weathering and of erosion by rainfall 
and flowing water. Excess irrigation water percolating to the 
water table may contribute substantial quantities of salt and 
use of fertilizers, pesticides also causes the quality problem 
of the water. 
Because groundwater tends to more very slowly, therefore, 
many years may elapse between start of pollution and its 
reflection in a well. For the same reason, many years may be 
required to rehabilitate contaminated aquifers after source of 
pollution has been eliminated. This long delay can force 
abondonment of wells and may require costly development of 
alternate water supplies. Prevention of contamination thus is 
the best way for protecting groundwater quality. 
The quality of groundwater varies from place to place as 
well as from strata to strata. It may also vary with seasonal 
changes, A water drawn from a strata at a particular time of 
the year may be unsuitable whereas it may be good enough at the 
other times of the year. 
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Groundwater quality variation problem can be understood 
only by the regular monitoring of quality of water. In western 
Uttar Pradesh rapid mdusttial and agricultural growth has taken 
place during the last two decades. This is likely to become 
manifold in near future with increasing industrialization 
particularly in areas like Muzaffarnagar where the necessary 
industrial nucleus already exists. Therefore in order J:o study 
water quality in district Muzaffarnagar, water samples from 
surface and subsurface bodies were collected. Forty-one sannples 
were collected from surface shallow and deeper aquifers, of which 
twenty-one samples were analysed for trace elements studies. 
The present study is conducted to find out - (i) The 
regional variation in the quality of shallow grourviwater as well 
as deep water aquifers, (ii) To delineate the poor quality of 
water zones for irrigation and drinking purposes, if any, and 
<iii) Possible source of pollut-i'on. Results of chemical analysis 
of major and trace elements are given in Table-14 & 15. 
WATER QUALITY PARAMETERS t 
Tlie quality of water depends on a larga number of 
individual hydrological, physical, chemical and biological 
factors. 
Some parameters are of special importance and deserve 
frequent attention and observation, other gives a rough picture 
of water body and its quality status. 
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During the present study the following constituents of 
water analysed shown in Table-13. 
Table-13 
Physical 
parameters 
Chemical 
parameters 
Major 
cations 
Major 
anions 
Trace elements 
Electric 
conductivity 
pH value. 
Total 
dissolve 
solids 
(T.D.S.) 
Total 
hardness. 
Calcium 
(Ca*^) 
Magnesium 
(Mg"^+) 
Sodium 
(Na"^ ) 
Potassium 
Bicarbo-
nates 
(HCO3) 
Sulphate 
(SO4) 
Chloride 
(C1-) 
Carbonates 
(cop 
Iron (Pe), 
Copper (Cu), 
Zinc (zn). 
Manganese (Mn), 
Lead (Pb), 
Cadmium (Cd), 
Chromium (Cr) 
Hydrogen Ion Concentration (pH) : 
The pH value of water represents the concentration of 
Hydrogen ions (H ) in water and is a measure of acidity and 
alkalinity of water. A value of pH below 7.0 indicates acidic 
character while pH greater than 7.0 are inductive of alkaline 
character of water. 
Most natural water ranges from 4 to 9 and are often 
slightly basic due to the presence of carbonates and bicarbonates 
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A major deviation from the normal pH for a given water indicates 
the industrial wastes. 
In general the groundwater of the area is moderately 
alkaline in relation with pH values varying from 7.2 to 9.0. 
The lowest value (7.2) is recorded in the water sample of 
Meeranpur in Jansath block while highest value (9,0) is recorded 
in Tajpur Sambhlika village of Shamli block. 
Electrical Conductivity (micro-mhos/cm at 25^C) ; 
Electrical conductivity is a measurement of water's 
capacity tor conveying electric current and is directly related 
to the concentration of ionized substance in the water. It is 
the measure of the mineralization and is indicative of the 
salinity of groundwater. 
The specific conductivity values in the most of the area 
lies in the range between 400-1200 micromohs/cm. The sample taken 
from the Kabraut village, open well shows a high (2248 micromohs) 
conductance value. 
The electric conductance map (Plate-XV) indicates that the 
70?6 of the total area lies in the range between 750-2000 micro-
mohs/cm at 25°C» This may possibly be due to continuous recharge 
from the canals and the leaching of the salts from the soil. 
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Total Dissolved Soj.ld3 j 
The total quantity of chemical constituents present in 
water is called T,D.S, (Total dissolved solids). 
T.D.S. is the main characteristic which measures the 
suitability of water for irrigation. 
T.D.S. values Esnge between 500-1500 ppm in Muzaffarnagar 
district (Plate-xvi). 
The highest value (1490 ppm) is recorded at Kabraut village 
in block Shamli (Table- 14 ). All values lies within the permissible 
limit (W.H.O., 1981) . 
Total Hardness : 
Hard water contain calcium and magnesium ions. Hardness is 
generally defined as the calcium carbonate equivalent of calcium 
and magnesium ions present in water as expressed In ppm. 
The results of chemical analysis show that the total 
hardness in the study area ranges from 100-600 ppm. The highest 
values (615 ppm) is recorded at villages Dadheri Khurd and 
Kabraut of Muzaffarnagar and Shamli block respectively. The 
high concentration of the hardness represents that the water 
of this area is moderately hard to hard (Plate-XVIl). 
Hardness is expressed in term of calcium carbonate on 
the basis of which folLowing classification is used :-
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1. ^50 ppm - soft 
2. 50-100 ppm - moderately soft 
3. 100-150 ppm - slightly hard 
4. 150-259 ppm - moderately hard 
5. 25 0-350 ppm - hard 
6. ^350 ppm - excessively hard. 
Carbonates : 
The concentration of the carbonates rangSs between 12-47 
ppm only. The highest value of carbonates i.e. 47 ppm is found 
at Dadheri Khurd village of Muzaffarnagar block. 
Bicarbonate3 : 
Bicarbonates and carbonates is the most common cause of 
alkalinity in natural waters. The bicarbonate content In 
groundwater depends upon the partial pressure of the carbondi-
oxide in soil and represent the major form since they are formed 
in considerable amounts from the action of carbonates upon the 
basic materials in soils. 
CO2 + CaC03 + H2O Ca(HC03)2 
The concentration of bicarbonate varies from 166 ppm to 
420 ppm, while at Kabraut village the highest value (1,113 ppm) 
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is found. Water containing below 600 ppra of bicarbonates is 
considered to be fairly safe for irrigation and domestic 
purposes. The concentration of bicarbonates in Muzaffarnagar 
is within the permissible limits except Kabraut village of 
Shamli block (Plate-XVIIl) where the sugar factories are in 
large numbers. 
Chloride j 
Chloride is one of the major inorganic anion in water. 
It is present in all potable water supplies and in sewage. 
Usually as a metallic salt. High chloride concentrations in 
water are not known to have toxic effects on man, though large 
amounts may act corrosively on metal pipes and be harmful to 
plant life. 
The concentration of chloride varies from 14 ppm to 2 06 ppm 
in Muzaffarnagar. The values indicate (Table-14 ) that the ground-
water in the area is suitable for irrigation and drinking 
purposes as per W.H.O. (1981) standards, which puts the 
desirable limits of chloride in drinking water to be 200 ppm 
to 600 ppm as excessive limits. 
The study of the Isochlore map (Plate-XIX) indicates that 
at Kabraut village of Shamli block the value is 2 06 ppm. All the 
values of water in the district are within the safe limits. 
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Sulphate I 
Sulphate appears in natural waters in a wide range of 
concentrations and has no characteristic action on the soil 
other than increasing its salinity. Sulphur is essential 
element in plant nutrition. 
Maximum desirable and permissible limit of sulphate In 
drinking water are 200 and 400 ppm respectively. 
The value above 100 ppm Cause a problem of scaling in 
industrial water supplies, problem of odour and hard type of 
in crustation on well screen. Concentration of sulphate is 
found from 4 ppm to 135 ppm in samples of district Muzaffarnagar 
(Table-14). The contour map (Plate-XX) shows the highest value 
(135 ppm) at Jat Majhera of Muzaffarnagar block and rest all 
the water samples of the district are within the permissible 
limit. 
Sodium : 
Sodium, the sixth most common element, is present in 
nearly all natural waters. Ratio of sodium to total cations 
is important in agriculture and human pathology. Higher 
concentration of sodium is considered harmful to persons 
suffering from cardiac and renal diseases. 
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The concentration of sodium ranges between 15 ppm to 167 
ppm (Table- 14) maximum. The highest concentration i.e. 167 ppm 
is recorded at Tajpur Sambhlika village of Shamli block. However, 
the concentration of sodium all over the area is found well 
within the limits. 
Potassium : 
Potassium is less common cation in the groundwater. Its 
concentration in most drinking waters seldom reaches 40 ppm. 
However, occasional brines contain more than 100 ppm potassium. 
The concentration of potassium in grand water varies from 
6 to 102 ppm. Its highest concentration is recorded in Kabraut 
of Shamli block. No desirable or excessive limit for potassium 
has been fixed. Potassium, being the most mobile cations apart 
from an involvement in metabolic processes. These ions participate 
in nerve impulse conduction via the brain (Forstner, Wittmann, 
1979). 
Calcium s 
Calcium is one of the principle cations in groundwater. 
In the sedimentary rocks, calcium occurs as carbonates, and in 
alluvium it occurs in limestone. The dissolved COj generally 
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controls the Ca ion concentration in natural water (Pathak, 
1980), Calcium is most abundant metal in the human body, which 
requires 0,7 to 2.0 g. per day. 
It helps in the formation of bones and teeth in Which 
calcium is deposited as hydroxyl apatite (Vahren-Kanp, 1973). 
Absence of calcium in drinking water is'responsible for rickets 
and defective teeth while hard water (Ca + Mg) causes gout 
rhematisim, urinary calculi, etc. The desirable and allowable 
limits of calcium in drinking water are 75 ppm and 200 ppra 
respectively (W.H,0., 1981 and I.C.M.R., 1975). Calcium 
concentration in groundwater of district Muzaffarnagar, has 
been found varies from 6 to 66 ppm (Table- 14 ). The highest 
value (66 ppm) is found at Tajpur Sambhlika village of Shamli 
block. However, its concentra-tion is within the limits. 
Magnesium s 
After calcium, magnesium is the most important alkaline 
earth metal present in the groundwater. It is one of the 
important contributor to the hardness of water. The magnesium 
concentration depends upon the source of water. Lower concen-
trations of magnesium is not harmful but higher concentrations 
are laxative. Maximum acceptable and allowable limit of 
magnesium in drinking water are 30 ppm and 150 ppm respectively, 
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The value of magnesium in the district varies from 12 to 
65 ppm (Table-14) and are under safe limits as per norm of 
W.H.O. and I.C.M.R. (1981, 1975). 
Trace Elements : 
The elements present in the water in very low concentration, 
which play a very important role in the human and animal meta-
bolism and healthy growth of plants are known as trace elements. 
Although/ trace quantities of certain elements exert a 
positive or negative influence on plant, animai and human life. 
However, more recently, greater interest has been taken with 
regard to the specific role of these elements. The growing 
public concern over the deteriorating quality of the environment 
has led to a generalized usage when referring to trace elements. 
Thus, for practical purposes, other terms such as 'trace metals*, 
•trace in organics', 'heavy metals','micro-elements' and 'micro-
nutrients' will be treated as synonymous with the term trace 
elements (Forstner, Wittmann, 1979). 
It has been borne by experimental evidence that the role 
of heavy metal ions in living system follows the pattern of 
natural availability and abundance of the same metal occurring 
in nature (V^enkamp, 1973; Williams, 1967; Wood, 1974, 1975). 
Metal containing industrial effluents constitute a major 
source of metallic pollution of the hydrosphere and the movement 
of drainage water from catchment areas which have been contamina-
ted by wastes from su^ar factories and various metal, chemic.=jl. 
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electro-plating and paper industries. 
Water samples from the surface and subsurface water 
bodies were collected for the determination of trace elements 
like - Fe, Cu, Zn, Mn, Pb, Cd and'Cr from the district Muzaffar-
nagar (Table- i5). Ilie concentration of toxic heavy metals in 
shallow in aquifers is found higher than the deeper aquifers. 
It may be due to excessive use of fertilizers pesticides dumping 
of untreated industrial wastes, house-hold refuses sewage 
disposal refuse burning, transport and power generation, etc. 
With the increasing use of wide variety of metals in industry 
and in our daily life, problems arising from toxic metal 
pollution of the environment have assumed serious dimensions. 
Further, their use without appropriate recycling has also 
precipitated the prospect of exausting these non-renewable 
resources. 
The concentrations of various trace elements are discussed 
below s-
iron 
Natural water contains variable but minor amounts of iron 
despite its universal distribution and abundance. It is an 
essential element for human and plants (Fairbanks, et al., 1971) 
Iron concentration ranges between 0,238 to 3.268 ppm (Table-15 ) 
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The maximum concentration i.e. 3,268 ppm found at Mansoorpur 
open well in Khatauli block. Overall the concentration of iron 
is within permissible limit_,in the district. An aerobic condition 
results from oxygen depletion by decay of organic wastes* Iron 
foundaries wastes etc, causes the higher concentration of iron. 
Copper : 
Copper may occur in natural water, waste waters and 
industrial effluents as soluble copper salts or as precipitated 
copper compounds and suspended solids. 
The concentration of copper varies from 0,069 to 0,989 ppm. 
The highest concentration is recorded at Muzaffamagar in Kali 
river, but it too lies within permissible limit. 
Lead s 
Lead seldom is found in groundwater in more than trace 
quantities and averages about 0.1 ppm. Pb concentration in 
various water samples ranges between 0.010 to 0.940 ppm. The 
highest concentration i.e. 0.940 ppm is recorded at Muzaffarnagar 
in Kali river sample. The values are higher than the maximum 
permissible limit in most of the area. The high amount of the 
lead content in the study area is mainly due to the large scale 
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development of non-ferrous metal Industr ies . I t Is also most 
widely used in print ing, manufacturing of pa in ts , water pipes, 
strong battery manufacturing industr ies , pottering and soldering 
operation in the d i s t r i c t . 
Zinc s 
Zinc is commonly found in many natural waters. The 
concentration of zinc in the groundwater of the area ranges 
between 3.313 to 0.116 ppm. The maximum concentration is 
recorded at Mansoorpur in Khatauli block, district Muzaffarnagar. 
It lies well within the limit as per W.H.O, (1981) and 
I.C.M.R. (1975) standards. 
Manganese : 
Manganese is present in groundwater as the divalent ion 
(Mn ) due to lack of subsurface oxygen. Surface waters may 
contain combinations of manganese in various oxidation states 
as soluble complexes or as suspended particles. 
The manganese concentration in various water samples shows 
a range of 0,606 to 0,044 ppm. The highest concentration found 
at Atali in Hindon river water sample in Budhana block, district 
Muzaffarnagar. The manganese concentration in the area is within 
the permissible limits prescribed by W.H.O. (1981). 
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Cadmium : 
Cadmium is a rare element. However, it has toxic effect 
on human body* The concentration of cadmium ranges between 
0«002 to 0,019 ppm. At some places the values of surface water 
are slightly higher than the prescribed limit of W.H.O. (1981). 
The high concentration of Cd is due to the electroplating, plastic 
rubber, wielding electrode industries in the vicinity of the area. 
Chromium (hexavalent) s 
Cr is one of the least toxic of the trace elements on the 
basis of its over supply and essentiality. 
The concentration of chromium varies from 0.069 to 0.010 
ppm at sOiue places but at other places it is recorded nil. The 
higher concentration of Cr is recorded at Ataii in Hindon river 
watersample of Budhana block and Kali river sample near Muzaffar-
najar city, which is higher than the prescribed permissible 
limit. 
Water Quality criteria In relation to its use : 
The term water quality is a widely used expression which 
has an extremely broad spectrum of meanings. Each individual 
has vested interests in water for his particular use, which 
may involve commercial, domestic, industrial and agricultural 
1 4 8 
P L ^ T E : X X I 
s - , * ' 
Ca 
P L A T E ' X" 
PIPER TRILINEAP DIAGRAM SK>WIN6 CHEMK^Aj. 
CHARACTER OF GROUND WATER, 19e9(MJ2AFFAR 
N A 6 A P ) 
( (k l l CONCtNTPATlONS t< • ( " " I 
149 
X 
Uj" 
I -
<I 
0. on 
< 
< 
z 
u. 
< 
N 
2 
O 
z 
o 
< 
z 
< 
z 
ui 
—I 
U I 
< 
ac 
o 
crt 
> 
a 
< 
E 
a. 
o. 
O 
150 
Water Qaullty for Domestic Uses Public Supply j 
Drinking water standards are based on two criteria -
(1) the presence of objectionale tastes, odours, or colours, 
and (2) the presence of substances with adverse physiological 
effects (Word, w. Giger and P,L. McCarty, 1985), 
Various national and international organisations viz., 
Indian Council of Medical Research (1975), Indian Standard 
Institution (1983), United State Public Health Association 
(1962), World Health Organisation (1975, 1981) have laid down 
certain guidelines of water quality for domestic, municipal 
supplies and drinking purposes. The primary aim of these 
guidelines is to protect of public health and to combat the 
pollution hazards. 
On the same criteria, the concentration of various major 
and trace elements encountered in the water samples of the 
study area is compared with the drinking water standards of 
W.H.O. (1981), I.C.M.R. (1975) and I.S.I. (1983) (Table- 16). 
According to analysis results the concentration of pH, 
specific conductivity, total dissolved solids, Ca, Mg, CI, Na, 
K and 30^ are within the permissible limits of w.H.O. (1981) 
and I.S.I. (1983) in most of the area in Muzaffarnagar district, 
Hence they cannot cause any hazard in drinking water of district 
Muzaffarnagar. The chemical character of groundwater of cations 
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and anions is shown by piper-td.Linear diagram, (Piper, A.M., 
1944) in Plate-XXI, However, the concentration of certain trace 
elements like Fe, Mn, Cr, Pb, and Cd has been reported higher 
than their prescribed limits in drinking water at the some 
places (Plate-XXII), These trace elements are probably most 
harmful and toxic pollutants. These toxic elements poses an 
adverse effect on human, plant, and animal life. The harmful 
effects are to accumulation in biological system even in their 
lowest forro of development. Many workers have studied the quality 
jof drinking water in relation to trace elements (Olvin, 1977; 
Bull, 1974; Robeik, 1974; Tradlff, 1972; Roschin, 1975; Nerl, 
et al., 1975). 
These studies have indicated an association between water 
quality and mortality from Cardiovascular respiratory problem 
digestion tract and other chronic diseases. A significant 
positive correlation between mortality from various types of 
cancer and concentration of trace metals in water supplies has 
also been described (Berg and Burbank, 1972; Sunderman, 1977). 
Various elements determined in the groundwater samples of study 
area in relation to drinking purposes and their various health 
hazards are discussed as below j-
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uses. Since the desirable characteristics of a water vary with 
its intended use, there is frequently unsatisfactory communication 
among the users of water where quality is concerned. 
Even today man has brought about changes, whether through 
urbanisation and growth of population centres, or by introduction 
of industries and deployment of auxiliary means in agriculture, 
which has disturbed or even destroyed the natural, healthy 
quality of water bodies in many beneficial uses. Furthermore, 
there is a world wide increase in the demand for good quality 
water. It has become imperative of protect and conserve the 
water not only as resource for their present uses but also TEor 
their prospective uses. The interpretation of a chemical, physical 
and biological analysis is highly subjective matter and is not 
possible to have a single criteria that can have universal 
application. Therefore, a certain accepted standard has been 
adopted while doing the interpretation of chenical analysis 
results of water in relation to its use. The main classes of 
uses are i-
1. Domestic purposes 
2. Irrigation purposes 
3. Industrial purposes. 
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Iron : 
The most abundant transition element is also probably 
the most well know metal in biologic systems (haemaglobin in 
blood regarded as the most important iron),Iron can enter a 
water system by leaching natural deposits, effluent from picking 
operations, or acidic mine drainage. Iron is highly toxic element 
only when it crosses the permissible limit. Iron in domestic 
water supply systems stains laundry and porcelain, causing more 
of a nuisance than the potential health hazard. Taste thresholds 
of iron in water are 0,1 ppm ferrous ir6n and 0,2 ppm ferric iron, 
giving a bitter or a stringent taste water. Domestic water 
supplies containing more than 0.3 ppm total iron should be 
rejected due to staining and taste considerations. 
The maximum iron concentration was found as 3.268 at 
Mansoorpur of Khatauli block. This may be possible due to the 
occurrence of iron foundaries in the vicinity of the area. This 
may cause the toxic effect on public health. 
Manganese i 
Manganese, a reddish grey or silvery soft metallic element, 
is widely distributed. The occurrence of manganese in public 
water supplies presents more of an economic problem than a 
potential health hazard, Manganese causes dark stains in laundry 
and imparts an objectionable task to beverages such as coffee 
and tea. 
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Higher concentration may cause neurological syndrome 
(Anon, 1977). The highest value (0.606 ppm) Is found at Atali 
in Budhana block. 
Lead : 
Lead, a serious poslon, toxic element tends to accumulate 
in the bone structuire of man and animal. The toxicity of lead 
has been known to mankind for many centuries. The Greek poet 
physician Niconder described the disease known as plumbism, 
which is caused by acute lead poisoning (Stofen, 1974). 
Accumulation of-significant amounts of lead in the body may 
result in severe and permanent brain damage and death. The 
pregnant women are most sensitive to environmental lead exposure 
(W.H.O., 1977; Synder, et al., 1971). Lead can induce reduction 
in haemoglobin (Chisholm, 1971; Goyer and Rhyne, 1973). The 
lead concentration is higher in most of the study area which 
needs special attention as it may cause the toxLc effect on 
the habitants of the area. 
Cadmium : 
Cadmium is highly toxic when taken by mouth or inhaled 
and has been implicated in some cases of food poisoning. Minor 
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quantities of cadmium are suspected of being responsibie for 
adverse charges in arteries of human kidneys (Fleishu, et al., 
1974). The major effects in the persons occupationally exposed 
to Cd are lung diseases and renal dys functions. Cadmium-
induced, disturbances in calcium metabolism accompanied by 
softening of bones, fractures, and skeletal deformation takes 
place with a marked decrease in body height (Priberg, et al.# 
1974). 
At some places in the study area the values were found 
higher than the prescribed limits (Table-15 ). It may be 
hazardous for human population of these areas. Cadmium can 
enter a water supply as the result of'plating bath or other 
industrial discharges. 
Chromium (Hexavalent) : 
Hexavalent chromium is much more toxic than trivalent 
chromium but has no nutritional value or may be absorbed by 
ingestion through the skin arv3 by inhalation and corrosion. 
It enters in water supply through industrial wastes, from 
metal plating baths and from industrial cooling towers. Where 
chromate is used to inhibit metal corrosion. Chromium is an 
objectionable contaminant in public drinking water supplies 
due to its suspected carciogenic effect chromium present in 
156 
potable waters above 3 epm level indicates the presence of 
industrial wastes. Concentration greater than the 0,1 ppm is 
sufficient ground for rejection of the wate-r. supply. Chromium 
causes malingnant growth in the respiratory tract and painless 
perforation of the nasal septun. 
At some places of district Muzaffarnagar, chromium 
concentration is found higher than the permissible limit 
while in other places, its concentration is nil. The high 
concentration of chromium contents in water samples of these 
location is mostly due to the pre-dominance of ferrous metal 
industries using chromium salts in electroplating, polishing 
paints and other ferrous metal industries. 
WATER QUALITY FOR IRRIGATIONAL USE : 
The suitability of a groundwater for irrigation is 
contingent upon the effects of the mineral constituents of 
the water on both the plant and the soil. The quality of 
suitable irrigation water is very much influenced by the 
constituents of the soil which is to be irrigated. A particular 
soil, but the same water may be tolerable or even useful for 
irrigation on some other soil. Hence, water quality criteria 
for the irrigation purposes is a complex subject, as growth 
of particular crop depends on many factors and not merely on 
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cheialstry of i r r iga t ion water. The nature of the s o i l , the 
climate, the type of crop, the i r r iga t ion method and the local 
drainage conditions are some of the fac tors . 
Several chemical constituents affect the s u i t a b i l i t y of 
water for i r r iga t ion are as follows J -
(1) Total concentration of soluble s a l t s broadly re la ted 
to specific conductance and to ta l dissolved sol ids 
i s in the water, 
(2) Relative proportion of sodium to other ca t ions . 
(3) Concentration of po ten t i a l i ty of toxic elements 
present in water, 
(4) Bicarbonate concentration as related to concentration 
of calcium + magnesium, 
(5) Bacterial contamination. 
In order to study the s u i t a b i l i t y of groundwater in 
Muzaffarnagar d i s t r i c t for agr icul tura l uses, the data obtained 
from chemical analysis of groundwater samples were processed and 
interpreted in the established guidelines proposed by various 
sc ien t i s t s and organisations. 
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SALINITY AND SODIUM HAZARD : 
Salts o£ calcium, magnesium, sodium and potassium present 
in the irrigation water, may ^ rove injurious to plants. When 
present in excessiv«» quantities, they reduce the osmotic acti-
vities of the plants and may prevent adequate aeration, causing 
injuries to plant growth depends upon the concentration of salt 
in the soil. 
The total dissolved solids content, measured in term of 
specific electrical conductance, gives the salinity hazards. 
Excessive sodiiMn ^ bntent in water renders it unsuitable for 
soils which in exchange gives up Ca and Mg . This base 
action altered the physical characteristics of soils. 
If the irrigation water contains Ca"*^"*" and Mg"*"* ions in 
quantity that equals or exceeds the quantity of Na and 
sufficient concentration of Ca and Mg will be retained on 
the clay particles of the soil to maintain good tilth and 
permeability. Such waters serve will for irrigation even though 
the total mineral contents may be quite high. 
The condition is promoted by water containing high S.A.R. 
(Sodium Absorption Ratio) values. In place of rigid limits of 
salinity, for irrigation water, water quality is expressed by 
classes of relative suitebility (Wilcox, 1955). Wilcox prepared 
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a c lass i f ica t ion based on e l e c t r i c conductivity per cent sodium 
and boron concentrations fcr i r r igat ion water. 
Quality Classif icat ion of Water for I r r i ga t ion , 
(After Wilcox, 1955). 
Percent Sodium Specific Conductance 
a t 25OC 
Water Class 
20 
20-40 
40-60 
60-80 
80 
250 
250-750 
75 0-2000 
2000-3000 
3000 
Excellent 
Good 
Permissible 
Doubtful 
Unsuitable 
The data obtained is compared and plotted a Wilcox 
diagram (Plate-XXIIl). The diagram reveals that about 50 per cent 
of the water samples fall in excellent to good class and the 
other in good to permissible class, while two samples from 
Tajpur Sambhlika and Purkazi villages and only one sample of 
Kabraut village of Shamli block fall in the doubt to unsuitable 
class respectively. 
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The Sodium Absorption Ration (SAR) for studying the 
suitability of groundwater for irrigation purposes, has been 
worked out following the USSL (1954) method because of its 
direct relation to the absorption of sodium by soil. It is 
defined by -
SAR = Na 
^c^Hjtjaa^ / 
(All concentrations 
are in epm) 
Quality Classification of Irrigation Water 
(After USSL, 1954). 
Salinity hazards 
(E.C. in micromhos/cm 
at 25°C). 
Alkali hazards 
SAR 
Water class 
250(Cj^ ) 
250-750 (Cj) 
750-2250 (C3) 
2250 (C^) 
10 (S^) 
10-18 (Sj) 
18-26 (S3) 
26 (S4) 
Excellent 
Good 
Moderate 
Poor 
The SAR and E.C. values (Table-ia) of water samples 
have been plotted (Plate-XXIV) on the standard U.S. Salinity 
diagram prepared by the U.S. Department of Agriculture, 
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The diagram gives direct indication of the salinity 
and alkalinity hazards. According to this diagram the icrigation 
waters have been classified into twenty different groups each 
having specified properties, from the diagram (Plate-XXIV), it 
is found that the water quality belongs C-Sj^  and C-S^ classes, 
i.e. within the zone of good to moderate water quality. Based 
upon these criteria, the quality of ground water in shallow and 
deep aquifers, in general, in this region is not uniform, 
sporadic occurrences of saline pockets in between fresh water 
bodies have also been reported from a number of places. 
The groundwater in the district varies from good to 
moderate quality in different blocks and can be used for 
irrigation purpose, but soil and water management and proper 
drainage facilities will be required in order to avoid hazards. 
Trace Elements Concentration s 
In addition to major ions, needs of some trace elements 
are now being recognised as beneficial to crops for proper 
growth of the plants and same elements may be toxic to plants. 
Federal Water Pollution Central Federation, U.S.A. (1968) and 
Ayers and Branson (1975) put forward the tolerance limit for 
irrigation water (Table-17). 
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The results of the micro-nutrients like Pe, Cu, Pb, 2n, 
Mn, Cd and Cr obtained were compared with the standards of 
FWPCF (1968) and Ayers and Branson (1975) are found within the 
recommended limit (Table-17 ), 
Bacterial Contamination : 
Bacterial contamination of irrigation water is not a 
serious problem, unless crops, irrigated with highly contaminated 
waters are directly eaten without being cooked. Crops like cotton, 
nursery stock, etc. which are processed after harvesting can 
thei^efore, use waste waters without any trouble. 
WATER QUALITY FOR INDUSTRIAL USES J 
Chemical quality criteria for industrial uses varies 
widely. The pure waters are required for the manufacture of 
paper, beaverages, confectionary, ice making and pharmaceuticals. 
The 80 per cent of industrial water is used for processing 
for txjiler feed purposes must be of a high quality. Water 
required for raising steam in boilers must be soft as otherwise, 
the hard waters will cause in crustations on the inside of 
boilers, thus offering resistance to heat transfer. In certain 
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cases, the industrial water must have lower contents of 
dissolved salts than what is permitted In drinking water. 
"From this stand point, groundwater supplies are preferred 
to surface water supplies, which commonly display, seasonal 
variations in chemical and physical quality. 
As a result, an adequate groundwater supply of suitable 
quality has become one of the primary considerations in 
selecting new industrial plant locations. 
In the perspective of the facts discussed above, the 
water quality of the district may be recommended for all 
industrial uses except for refining and drugs manufacturing 
without proper treatment. 
The study of the...abovfi factors shows that the groundwater 
resources of the district are suitable for domestic, irrigation 
and industrial purposes except at few places where the evidences 
of occurrence of saline pockets in between fresh water bodies 
and various types of industries polluting the surface water as 
well as subsurface water bodies. 
166 
Table-\6» Vforld Health Organization Standards for Potable 
Water ( 1 9 8 1 ) . 
C h a r a c t e r i s t i c s 
T o t a l s o l i d s 
Co lour 
T u r b i d i t y 
I r o n 
C h l o r i d e 
Manganese 
Copper 
Zinc 
Calc ium 
Magnesium 
Lead 
Chromium 
s e l e n i u m 
A r s e n i c 
Cyanide 
(Mg + Na)S04 
N i t r a t e 
P h e n o l s 
pH v a l u e 
P e r m i s s i b l e 
ppm -
500 
5 Hazen U n i t 
5 Jackson 
0 . 3 
200 
0 . 1 
1 . 0 
5 . 0 
75 
50 
-
-
-
-
-
500 
45 
0 . 0 0 1 
7 - 8 . 5 
U n i t 
E x c e s s i v e 
ppm 
1500 
50 Hazen U n i t 
25 J a c k s o n U n i t 
1 . 0 
6 0 0 
0 . 5 
1 . 5 
1 5 . 0 
200 
150 
0 . 1 
0 . 0 5 
0 , 0 5 
0 . 2 
0 . 0 1 
1000 
-
0 . 0 0 2 
6 . 5 o r 9 . 2 
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Table-168 ISI, ICMR, and NTAC Water Quality Criteria for 
Public Water Supply. 
caiaracteri sties ISI (1983) 
ppm 
Less than 
5000/100 ml 
-
600 
0.1 
ICMR 
ppm 
-
0.01 
-
0.01 
NTAC 
ppm 
-
0.01 
250 
0.05 
Conform 
Cadmium 
Chloride 
Lead 
Manganese 
Chromium 
Zinc 
Copper 
Arsenic 
Nitrate 
Mercury 
Cyanide 
pH 
0.05 
0.2 
5 
0.05 
0.001 
0.05 
6 - 9 6 - 8.5 
ISI <* Indian Standard Institution 
ICMR • Indian Council of Medical Research 
NTAC • National Technical Advisory Committee 
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Table- i6 t U.S. Publ ic Health Drinking Water Standards 
Chemical C h a r a c t e r i s t i c s Upper Limit (ppm) 
Lead 
Plouride 
jursenic 
Selenium 
Chromium 
Copper 
Pe -f Mn 
Magnesium 
Zinc 
Chloride 
Sulphate 
Phenols 
Total s o l i d s ( d e s i r a b l e ) 
Total s o l i d s (permitted) 
0.1 
1.5 
0.05 
0.05 
0.05 
3 .0 
0 .3 
125 
15 
250 
250 
0.001 
500 
1000 
c 
o to 
•H U 
•P 9) (0 >, 
D » < 
•H 
WG 
U C 
<H <0 
O 00 
s ^ 
(0 
U >i 
Q) D • 
.H ^^ 
o t j in 
+> 0) r^ 
O r-\ 
n 
(0 C 
(0 (0 
u 
U CO 
<0 +> "O 
u «o c 
E-t » (0 
•p 
c 
0) 
s 
0) 
4) 
o 
I 
c 
o 
(0 
c 
u 
m 
n 
0) 
c 
•H 
44 
CO 
C r^ 
•P 0) 
l4 
+» a 
o X 
£ 0) (0 .p 
n 
D 
u 
10 
3 
O 
3 
C 
C 
o 
u 
00 
ON 
(i^ 
0) (0 
• p 
<0 
c 
•H 
(0 
C H 
- O 
B 0) 
•P (U 
W 4J 
3 
o 
3 
a 
• H 
• P 
C 
o 
o 
-p 
c 
0) 
E 
0) 
rH 
M 
169 
in 
o 
in 
o 
o in CM 
O 
CM CM 
Ifl 
O o 
o in o 
in 
OJ 
in in 
o in 
• o 
o • 
r^ O 
o in 
• o o 
o • • 
«-i o in 
o 
CM 
in 
o 
o 
CM in in in in 
u K 
a 0 
o 
c 
0 
u 
M 
9) 
n S 
c (0 
X 
o 
a 
6 
3 
^ 
<3 10 
T3 
10 
S 
E 
3 
1 0 
M 6 
6 
3 
5 
•H 
SUMMARY AND CONCLUSION 
SUMMARY AND CONCLUSION 
The district Muzaffarnagac has an area of 4,176 sq. km. 
form a part of Ganga-Yamuna doab lies In Central Ganga Basin. 
As regards the origin of Ganga basin, it was Interpreted to 
be formed as a fore-deep which was later filled up with 
alluvium of the thickness 4.5 km to 20 km. The area is also 
drained by a number of rivers like Hindon, Kali and Krlshni 
which are perennial in character. It is sagging in the crust 
or buckling down in the crust. According to recent view the 
Indo-gangetic plain is a peripheral foreland basin formed as 
a result of continent - continent collision between Indian 
and Asian plates. 
Consequent to the well drillings in Ganga basin, the 
sub-surface topography beneath the Quaternary alluvium is 
found to consist of alternate spurs and depressions. Ganga 
flows presently along the fault plane, the northern side of 
which is a down thrown side. 
Geologically the area is comprising of alluvial forn>^tion 
i.e. gravel, sand, clay and kankar. The comolete thickras .£ 
the alluvial fill is not known but it may be of the order of 
7000 to 8000 ft. or even more. In the present work. Ho*<ever, 
an attempt has been made to descr^^^a the geology of the area 
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up to a depth of 360 ft. As has been observed from the litho-
logical logs. In alluvial formations the various lithological 
units usually do not extend laterally to long distances. The 
various formations may show inter-fingering or lensoid 
characters. 
Hydrogeologically two types of aquifers have been 
delineated i.e. shallow aquifer and the deeper aquifer. The 
deeper aquifers are coitgposed of a number of aquifers inter-
connected with each other which behave as a single bodied 
aquifers. These two hydraulic units are separated by thick 
clay layer inter-mixed with kankar which behaves as an aquitard. 
There are in all two to four tiers aquifer systems down 
to the depth of 360 ft. b.g.l. The aquifer material consists 
of fine through medium to coarse sand, often mixed with gravels 
and kankar. The thickness of the aquifer varies minimum 10 ft. 
to a maximum 245 ft. The deeper aquifers in the study area are 
leaky confined in character. The groundwater of the area occurs 
under water table condition in shallow and semi-confined to 
confined condition in deeper aquifers. 
The pre-monsoon depth to water level ranges between 
0.97 to 19.34 meters b.g.l. and post-monsoon depth to water 
level ranges between 0.16 to 18.54 meters b.g.l. 
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Water table contour maps (pre-monsoon and post-monsoon) 
are showing that the regional groundwater flow is from north-
west to south-east direction with local variations. The upper 
Ganga canal network recharges the shallow water aquifer. All 
the streams/rivers i.e. Krishni, Kali and Hindon are effluent 
in nature and they are receiving groundwater at various stretches 
of their flow through the study area. 
The declining trend of water table was observed in Un and 
Kairana blocks. This has probably developed due to the excessive 
withdrawal of groundwater through tube-wells which indicates that 
the discharge (withdrawal) is higher than the quantum of average 
annaul recharge. The rising water table was observed in Purkazi, 
Muzaffarnagar and Morna blocks. Hence, the north-east part of 
Muzaffarnagar district adjacent to the Ganga canal is becoming 
water-logged. The water-logged area was found around Chappra, 
Dhamatpur, Khanpur and Badhiwala of Purkazi block. 
According to the hydrogeological estimation, the net 
groundwater recharge of the district is 173715.22 ha. ra. and 
net draft is 77227.90 ha. m. showing a balance 95064.82 ha.m. 
of groundwater, still available for future development and 
utilisation. These estimates are based on certain assumptions 
and therefore should be treated as provisional and subject to 
revision as and when more data become available in future. 
As per NABARD's norms the status of groundwater Is only 44,45% 
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hence the whole district falls under white category at present, 
The study shows that only 44.45% of the groundwater 
developed till date, hence, there is an ample scope of further 
groundwater development through shallow and deep tube-wells 
in all ten blocks except in Kairana and Un which fall in dark 
category and also Baghra and Shahpur which underlie in grey 
category. The block falling in dark and grey category. 'Rxe 
shallow groundwater development should be restricted and only 
deeper aquifer should be tapped. Simultaneously, a number of 
canals should be passed in such areas. 
The quality of groundwater is equally important as 
quantity. A greater emphasis has been laid on the chemical 
characteristics of groundwater from shallower aquifers as 
this horizon is tapped by all the tube-wells and is most 
developed in the study area. 
Qualitatively, the groundwater of the district is 
potable, moderately hard and alkaline in reaction, and is 
suitable for domestic, irrigation and industrial purposes. 
The shallow aquifers at some places are being polluted with 
heavy toxic metals (Pb, Zn, Cr, Mn, Cu and Cd) are higher in 
concentration than the prescribed standard limits by various 
organisations (W.H.O., 1981; I.C.M.R., 1975; U.S.P.H.S., 1981, 
and I.S.I., 1983), may not be safe for drinking purposes. The 
higher values of these elements in the effected areas may be 
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due to the seepage of polluted water of Hindon and Kail rivers 
as well as by the pollution of these rivers by domestic wastes 
and Industrial effluents. One unique quality of water is to 
cleanse Itself in the hydrologic cycle by oxidation and 
dilution mostly. But there is a limit to this self cleansing 
property of the rivers do not have the capacity to dilute 
the heavy point loads of effluents discharged by large urban 
and Industrial centres such as Muzaffarnagar city, Mansurpur, 
Budhana and Shamli blocks. If the present water pollution 
continues unchecked, potable water for domestic consumption 
may be difficult to locate. Similarly, discharging of 
industrial effluents to agriculture fields and intensive 
agricultural practices by use of fertilizers and pesticides 
need careful study in order to avoid pollution of groundwaters. 
The present quantitative and qualitative evaluation 
pertaining to groundwater resource potential of district 
will serve the purpose of the planners, administrators and 
various organisations for the integrated development of whole 
district for the distant future. The present study will 
definitely help in emerging a harmonious hydrogeologlcal 
framework for the whole country which is beset with the 
problems of rising population,increasing urbanization, 
expanding agriculture and escalating Industrialization, 
shrinking land and water resources. 
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Recommendations : 
(1) The re-appraisal surveys which are carried out to bring 
out comprehensive hydrogeological picture in terms of quantity, 
quality and availability of groundwater for further development 
and to demarcate areas where over-development of groundwaters 
have started. Both these surveys are essential and have to be 
continued. However, a constant monitoring of water level in 
the area must be carried out regularly in order to check any 
adverse effect on the groundwater system. 
(2) Areas, where water table is constantly declining, it is 
necessary that schemes for surface water irrigation in the 
above mentioned areas be given priority. 
(3) The areas where water table is constantly rising due to 
the excessive application of surface water like canal irrigation, 
steps have to be taken to provide suitable drainage schemes, 
detailed studies in estimating the amount of seepage and 
management of groundwater reservoirs are very essential to 
check the water-logging and salinity problems. Conjunctive 
use of surface and groundwater will greatly help to achieve 
the safe and optimum utilisation of water in such areas. 
(4) To improve water use efficiency, iinproved methods of 
irrigation such a drip and sprinkler irrigation should be 
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adopted. Water use efficiency can also be increased by 
careful planning of conjunctive use of groundwater with 
surface water, this will also help to minimize the problem 
of water-logging. 
(5) Lining of canals, distributaries and water courses 
is recommended for controlling losses in transmission system 
of irrigation projects. 
(6) Waste water from urban domestic use after treatment 
could also be harnessed for irrigation and industrial use, 
(7) To control the water loss through evaporation the 
application of chemical retardants should be adopted. 
(8) For the safe drinking water, groundwater from the 
deeper aquifers be supplied after proper treatment. Moreover, 
the dumping of the industrial wastes, use of excessive 
fertilizers and domestic refuses should be checked with 
proper planning. 
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Table~ 8 s Pre - and Post-monsoon water l e v e l data of var ious 
Hydrograph s t a t i o n s of Muzaffarnagar d i s t r i c t -
Year 1989. (Below ground surface p o i n t ) . 
S. Name of Hydrograph 
No. s t a t i o n s 
Tehs i l /B lock 
Tehsi l - Budhana 
Pre-Monsoon Post-Monsoon Water Level 
(mts . ) (mts . ) F l u c t u a t i o n 
( m t s . ) 
1 
1 . 
2 . 
3 . 
4 . 
5 , 
6 . 
7 . 
2 
Tehsi l-Kairana 
1. Block - UN 
Jhinjhana 
UN 
2 . Block-Kairana 
Kairana 
Mawi 
3 . Block-Shamii 
Tajpur Sambhlika 
Sikka 
Shamli 
3 
• 
5.18 
Dry 
Dry 
3.40 
10 ,20 
8.52 
7.80 
4 
-
4.99 
Dry 
Dry 
1 .10 
9 .85 
6 .27 
7 .31 
5 
-
0.19 
-
-
2 .30 
0 .33 
0.25 
0 .48 
8 . 
9 . 
1 0 . 
1 . Block- Kandhla 
Kandhla 
Gangeru 
Panjokhara 
6.85 
10 .80 
5.42 
6 .43 
10 .55 
3.31 
0.42 
0.25 
2 .11 
contd 
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r 
11. 
12. 
13. 
14, 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
2 
2. Block - Budhana 
Atali 
Kallanpur 
Jogla Khera 
Bitavada 
Budhana 
Meharjana 
Tehsll - Jansath 
1. Block - Khatauli 
Incholl 
Khatauli 
Kheri-Kuresh 
Mansoorpur 
Badsu 
2. Block - Jansath 
Kakrauli 
Churyala 
Jasmaur 
Jansath 
Miranpur 
Husainpur 
Ram Raj 
3 
Dry 
12.70 
18.32 
19,34 
12.85 
13.00 
11.30 
3.15 
5.83 
6.40 
3.32 
7.90 
6.15 
14.25 
4.10 
9.33 
3.90 
13.87 
4 
Dry 
12.13 
18.04 
18.54 
11.21 
12.41 
10.42 
1.50 
3.88 
3.49 
0.89 
4.60 
5.40 
12.64 
1.67 
8.88 
2.15 
13.0 
5 
-
0.57 
0.23 
0.70 
1.64 
0.59 
0.88 
1.65 
1.95 
2.91 
2.43 
3.30 
0.75 
1.59 
2.43 
0.45 
1.75 
0.87 
contd . 
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1 
29. 
30. 
31. 
32. 
33. 
34. 
35. 
36. 
37. 
38. 
39. 
40. 
41. 
42. 
43. 
44. 
45. 
46. 
2 
3. Block > Thana Bhawan 
Khiori 
Jalalabad 
Thana Bhawan 
Yarpur 
Janipur 
4. Block - Morna 
Barku 
Bhokarheri 
Morna 
Sukertal 
Tehsll - Muzaffarnaqar 
1. Block - Muzaffarnagar 
Dadheri Khurd 
Muzaffarnagar 
Jat Majhera 
2. Block - Prukazi 
Khanpur 
Chhapar 
Purkazl 
Bar la 
Basera 
Gourdhanpur 
3 
9.34 
7.74 
8.17 
4.47 
2.24 
4.81 
13.07 
10.54 
3.07 
6.88 
7.89 
4.92 
0.97 
1.80 
2.50 
2.25 
3.30 
3.21 
4 
7.91 
7.29 
7.95 
2.37 
0.10 
2.53 
11.91 
8.82 
1.77 
5.84 
7.26 
2.62 
0.16 
0,30 
1.0 
1.0 
1.20 
1.94 
contd.... 
5 
1.43 
0.45 
0.22 
2.10 
0.34 
2.28 
1.16 
1.22 
1.30 
1.05 
0.63 
2.30 
0.81 
1.50 
1.50 
1.25 
2.10 
1.27 
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3. Block - Baqhra 
47. Dhansanl 
48. Baghra 
49. Harsoli 
50. Pinna 
51. Arnalch 
52. Kutesra 
53. Kadargarh 
54. Charthawal 
4 . Block - Shahpur 
5 5 . Umarpur 
5 6 . Shahpur 
4 
9.05 
6.52 
8.85 
3 .57 
7 .11 
2 .93 
7.67 
5 .72 
12.85 
12.35 
8 .82 
5 .87 
7 .10 
5 .88 
6 . 1 0 
1.42 
6 .58 
4 .19 
11 .10 
9 .79 
0 .23 
0 .65 
1.75 
0 .69 
1.01 
1.51 
1.09 
1 .53 
1.75 
2 .56 
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Table-9 : Pre- and Post-monsoon Water Table Depth i n 
Muzaffarnagar d i s t r i c t - year, 1989. 
S.NO. Name of Hydrograph 
s t a t i o n s 
Tehs i l /Block 
1 2 -
i fehsi l - Kairana 
R.L. mea-
suring 
p o i n t ( m t s . ) 
3 
24U 
Pre- P o s t -
mons0Ofl monsoon 
( m t s . ) ( m t s . ) 
4 5 
F luc tua -
t i o n 
( m t s . ) 
6 
1 . 
2 . 
3 . 
4 . 
5 . 
6 . 
7 . 
8 . 
9 . 
1 0 . 
1 1 . 
1 . Block - UN 
Jhinjhana 
UN 
2 . Block - Kairana 
Kairana 
Mawi 
3 . Block - Shamli 
Tajpur Sambhlika 
Sikka 
Shamli 
Tehsi l - Budhana 
1 . Block - Kandhla 
Kandhla 
Gangeru 
Panjokhara 
2 . Block - Budhana 
Ata l l 
240.120 
24T.217 
237.286 
233.549 
242.660 
244.280 
243.355 
2 38.696 
238.916 
2 39.186 
230.600 
234.840 235 .130 - 0 . 1 9 
230.149 232.449 - 2 . 3 0 
232.460 232 .810 - 0 . 3 5 
237.760 238 .010 - 0 . 2 5 
235.555 236.045 - 0 . 4 9 
231.846 232.266 - 0 . 4 0 6 
228.116 228.366 - 0 . 2 5 
234.396 236.506 - 2 . i l 
c o n t d . . . . 
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1 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
2 
Kallanpur 
Joglakhera 
Bitavada 
Budhana 
Meharjana 
Tehsll - Jansath 
1. Block -
Incholi 
Khatauli 
Khatauli 
Kheri-Kuresh 
Mansoorpur 
Badsu 
2. Block -
Kakrauli 
Churyala 
Jasmaur 
Jansath 
Mlranpur 
Husainpur 
Ram Raj 
Jansath 
2 
234. 
237, 
2 36, 
232. 
2 34, 
231. 
237. 
237. 
239. 
235 
243. 
239 
239 
2 39 
238 
217 
231 
I 
.843 
.803 
.118 
.455 
.629 
.159 
.634 
.002 
.704 
.666 
,064 
.704 
.742 
.964 
.167 
.b69 
.718 
4 
222. 
219. 
216, 
219. 
221. 
219. 
f34. 
231. 
233, 
232 
235. 
233. 
225 
235 
228 
213 
217 
[ 
,143 
,483 
,778 
.605 
.629 
.859 
.484 
.172 
.304 
.346 
.164 
.554 
.492 
.864 
.837 
.669 
.848 
5 
222. 
219. 
217. 
221. 
222. 
220, 
2 36. 
233. 
2 36. 
334 
238 
234 
227 
238 
229 
215 
218 
,713 
,763 
,b70 
.245 
.219 
.739 
134 
.122 
214 
.776 
.464 
.304 
.102 
.294 
.287 
.419 
.718 
contd... 
6 
-0, 
-0. 
-0. 
-1. 
-0, 
-0, 
-1. 
-1. 
-2, 
-2. 
-3. 
-0, 
-1 
-2 
-0 
-1 
-0 
• 
,57 
,28 
792 
.64 
.59 
.88 
.65 
.95 
.91 
.43 
.30 
.75 
.61 
,43 
.43 
.75 
.87 
195 
1 
2 9 . 
3 0 , 
3 1 . 
3 2 . 
3 3 . 
3 4 . 
3 5 . 
3 6 . 
3 7 . 
1 . 
3 8 . 
3 9 . 
4 0 . 
4 1 . 
4 2 . 
4 3 . 
4 4 . 
4 5 . 
4 6 . 
2 
3 . Block -
Khior i 
J a l a l a b a d 
3 
Thana Bhawan 
Thana Bhawaii' 
Yarpur 
Jan ipur 
4 . Block -
Barku 
Bhokarheri 
Morna 
S u k e r t a l 
T e h s i l - Mc 
Block - Mc 
Morna 
2 5 3 . 
2 5 3 . 
2 5 0 , 
2 4 9 . 
257 , 
250 , 
2 4 8 . 
250 . 
233 . 
i z a f f a r n a g a r 
i z a f f a r n a g a r 
Dadheri Khurd 
Muzaffarnag 
Jatmajhera 
2 . Block -
Khanpur 
Chhapar 
Purkaz i 
Bar la 
Basera 
lar 
P u r k a z i 
Gourdhanpur 
246. 
244. 
248, 
231 
251 
256 
253 
251 
2 35 
1 
.945 
813 
,871 
,153 
,371 
,620 
.329 
.466 
.688 
.640 
.648 
.055 
.190 
.371 
. 3 9 8 
.711 
. 3 5 8 
. 5 1 0 
4 
2 4 4 . 
2 4 6 . 
2 4 2 . 
2 4 4 , 
255 . 
245 . 
235 . 
239. 
230. 
239. 
236, 
.605 
077 
,701 
.683 
,131 
,810 
.259 
.926 
.618 
.760 
.758 
243- , l35 
230, 
259 
253 
251 
248 
2 32 
. 220 
.571 
. 8 9 8 
.461 
. 058 
.300 
5 
2 4 6 . 
2 4 6 . 
2 4 3 , 
2 4 6 , 
2 5 7 , 
2 4 8 , 
2 3 6 , 
2 4 1 . 
2 3 1 . 
240 . 
237, 
245, 
231 
251 
255 
252 
250 
233 
1 
.035 
.523 
.481 
,783 
.271 
.090 
.419 
.646 
.918 
.800 
.388 
.435 
. 030 
.071 
. 398 
.711 
. 1 5 8 
. 570 
- 1 . 
- 0 , 
- 0 , 
- 2 , 
- 2 . 
6 . 
.43 
.44 
.78 
,1 
,14 
- 2 . 2 8 
- 1 , 
- 1 . 
- 1 . 
- 1 , 
- 0 , 
- 2 
- 0 
•^8 
- 1 
- 1 
- 2 
- 1 
,16 
.72 
. 3 0 
.04 
. 6 3 
. 3 0 
. 8 1 
. 5 
. 5 0 
. 2 5 
. 1 0 
. 2 7 
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1 
47. 
48. 
49. 
50. 
51. 
52. 
53. 
54. 
55. 
56. 
2 
3. Block -
Dhansanl 
Baghra 
Harsoli 
Pinna 
Arnalch 
Kutesra 
Kadargarh 
Charthawal 
4. Block • 
Umarpur 
Shahpur 
Baghra 
Shahpur 
3 
245, 
245, 
240, 
243, 
246, 
252, 
255, 
249 
2 39 
242 
.990 
.829 
.180 
.463 
.579 
.885 
.352 
,113 
.355 
.096 
4 
236. 
239. 
231, 
239, 
239, 
249. 
247, 
243 
229 
.940 
.309 
.33 
.893 
.469 
.955 
.682 
.473 
.746 
5 
237. 
239, 
233. 
237. 
240. 
251, 
248, 
245 
232 
.170 
.959 
.080 
.583 
.479 
.465 
.772 
.003 
.306 
-0, 
-0, 
-1, 
+2, 
-1, 
-1 
-1 
-1 
-2 
6 
.23 
.65 
.75 
.31 
.01 
.151 
.09 
.53 
-
.56 
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APPENDIX 
LITHOLOGICAL LOGS OF BOREHOLES DRILLED BY STATE 
TUBE WELL DEPARTMENT, DISTRICT MUZXPPARNAGAR. 
Lltho logy Depth range i n Thickness 
f e e t . b . g . l . In f e e t 
TUBE WELL tiK), 1 
V i l l age - Bitavaola (Kakra group) 
Surface clay 
Clay and kankar 
Sandy clay and kankar 
Fine sand 
Fine medium sand 
Clay and kankar 
Fine sand 
Clay and kankar 
Clay 
Fine sand 
Medium sand 
Fine medium sand 
Medium sand 
Hard stone 
Clay and kankar 
0 --
10 -
20 -
30 -
40 -
50 -
70 -
90 -
100 -
130 -
140 -
150 -
160 -
166 -
170 -
10 
20 
30 
40 
50 
70 
90 
100 
130 
140 
150 
160 
166 
170 
182 
10 
10 
10 
10 
10 
20 
20 
10 
30 
10 
10 
10 
6 
4 
12 
contd.. 
207 
Llthology 
Fine niecllum sand 
Medium sand 
Fine medium sand and gravel 
Medium sand and gravel 
Coarse sand 
Coarse sand with gravel 
and pebbles 
Medium sand 
Clay and kankar 
Depth range in 
feet b.g.l. 
182 -
200 -
210 -
220 -
250 -
260 . 
290 -
300 -
200 
210 . 
220 
250 
260 
290 
300 
310 
Thickness 
in feet 
18 
10 . 
10 
30 
10 
30 
10 
10 
TUBE WELL N0» 18 
Village . Kandhla 
Clay 
Fine sand 
Medium sand 
Clay and kankar 
Fine sand 
Clay 
Medium sand 
Coarse sand 
0 
15 
46 
76 
116 
143 
148 
163 
-
-
-
-
-
-
-
„ 
15 
46 
76 
116 
143 
148 
163 
238 
15 
31 
30 
40 
27 
5 
15 
75 
contd.• 
2 08 
Lithology Depth range in Thickness 
feet b.g.l. In feet 
Clay and kankar 
Coarse sand 
Medium sand 
Coarse sand 
Clay 
TUBE MELL NO. 44 
238 - 297 
297 - 316 
316 - 322 
322 - 337 
337 - 340 
59 
19 
6 
15 
3 
Village . Sukertal (Muzaffarnagar group) 
Surface sand 
Fine sand 
Fine and medium sand 
Medium sand 
Medium sand and sandstone 
Medium sand 
Medium sand and sandstone 
Medium sand 
Sandy clay 
Medium sand 
Medium sand and sandstone 
0 
10 
20 
50 
100 
150 
200 
230 
255 
274 
310 
-
-
-
-
-
-
-
-
-
-
10 
20 
50 
100 
150 
200 
230 
255 
274 
310 
319 
10 
10 
30 
50 
50 
50 
30 
25 
19 
36 
9 
contd... 
209 
Lithology Depth range in 
feet b.g.l. 
Thickness 
In feet 
TUBE WELL NO. 28 
Village « Bhawrl (Sharall) 
Clay 
Fine sand 
Fine sand and kankar 
Medium sand 
Fine sand and kankar 
Fine medium sand 
Clay 
Sandy clay 
Clay 
Clay and kankar 
Medium sand 
Fine medium sand 
Clay 
Medium sand 
Clay and kankar 
Medium sand 
Clay and kankar 
"0" 
10 
20 
30 
50 
70 
80 
90 
100 
140 
145 
160 
208 
220 
266 
300 
325 
-
-
-
-
-
mm 
mm 
-
-
-
-
-
-
-
-
-
,„ 
Id 
20 
30 
50 
70 
80 
90 
100 
140 
145 
160 
208 
220 
266 
300 
325 
354 
10 
10 
10 
20 
20 
10 
10 
10 
40 
5 
15 
48 
12 
46 
34 
25 
29 
contd.• 
210 
Llthology Depth range in Thickness 
feet b.g.l. in feet 
TUBE WELL NO. 13 
Village - Rasulpur (Kakra group) 
Clay 0 - 2 0 20 
Sandy clay 2 0 - 3 0 10 
Clay and kankar 3 0 - 9 0 60 
Fine sand 90 - 110 20 
Clay and kankar 110 - 120 10 
Fine sand 120 - 138 18 
Clay and kankar 138 - 158 20 
Medium sand 158 - 178 20 
Clay and kankar 178 - 193 15 
Fine medium sand 193 - 220 27 
Fine sand 220 - 230 10 
Medium sand 230-234 4 
Coarse sand 234 - 274 40 
Sandy clay 274 - 282 8 
Fine sand 282 -292 10 
Medium sand 292 - 325 33 
Clay 325 - 345 20 
contd •.«• 
211 
Lithology Depth range in Thickness 
feet b.g.l. in feet 
TUBE WELL N0> 19 
Village - Kalianpur (Kakra group) 
Hard clay 
Clay 
Pine sand and kankar 
Clay and kankar 
Fine sand and kankar 
Medium sand and kankar 
Clay and kankar 
Fine and medium sand 
Hard clay and kankar 
Fine sand and kankar 
Medium sand and kankar 
Coarse sand and kankar 
Hard clay 
Sandy clay and kankar 
TUBE WELL NO. 12 
Village -. Sambhalhera (Jansath group) 
Clay 0-15 15 
Sandy clay 15 - 25 10 
contd 
0 -
12 -
20 -
37 -
60 -
80 -
90 -
95 -
114 -
134 -
144 -
206 -
246 -
252 -
12 
20 
37 
60 
80 
90 
95 
114 
134 
144 
206 
246 
252 
255 
12 
8 
17 
23 
20 
10 
5 
19 
20 
10 
62 
40 
6 
3 
212 
Lithology Depth range in Thictaiess 
feet b.g.l. in feet 
Clay 
Fine sand 
Hard clay 
Fine sand 
Medium sand 
Clay 
TUBE WELL NO. 59 
25 - 33 
33 - 65-
65 - 79 
79'- 124 
124 - 199 
199 - 206 
8 
32 
14 
45 
75 
7 
Village - Incholi (Jansath group) 
Clay 
Fine and medium sand 
Medium sand 
Hard clay 
Sandy clay 
Clay 
Fine sand 
Medium sand and kankar 
Clay 
Fine medium sand 
Medium sand 
0 
10 
30 
70 
100 
110 
120 
130 
150 
160 
170 
-
-
-
-
-
-
-
-
-
-
10 
30 
70 
100 
110 
120 
130 
150 
160 
170 
220 
10 
20 
40 
30 
10 
10 
10 
20 
10 
10 
50 
contd.. 
213 
Lithology Depth range in 
feet b.g.l. 
Thickness 
in feet 
Medium sand and sandstone 
Medium sand 
Clay and kankar 
220 . 250 
250 - 280 
280 - 294 
30 
30 
14 
TUBE WELL NO, 75 
Village - Khanpur 
Clay 
Clay and kankar 
Kankar with clay 
Fine sand 
Medium sand 
Clay and kankar 
Fine sand 
Fine medium sand 
Medium sand 
Clay and kankar 
Fine medium sand 
Medium sand and clay 
Clay and kankar 
Fine medium sand 
Clay and kankar 
0 
10 
20 
30 
40 
70 
90 
100 
120 
155 
175 
187 
222 
257 
279 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
10 
20 
30 
40 
70 
90 
100 
120 
155 
175 
187 
222 
257 
279 
291 
10 
10 
10 
10 
30 
20 
10 
20 
35 
20 
12 
35 
35 
22 
12 
contd..* 
214 
Llthology Depth range In Thickness 
feet b.g.l, in feet 
TUBE WELL NO. 76 
Village - Basera 
Clay 
Fine sand 
Clay 
Medium sand 
Coarse sand 
Hard clay 
Medium sand 
Coarse sand 
Fine sand 
Clay 
TUBE WELL NO. 5 
Muzaffarnaqar city 
Clay 
Sandy clay 
Clay and kankar 
Kankar mixed clay 
contd, 
0 -
10 -
46 -
66 -
108 -
141 -
170 -
194 -
262 -
278 -
10 
46 
66 
108 
141 
170 
194 
262 
278 
298 
10 
36 
20 
42 
33 
29 
24 
68 
16 
20 
0 - 2 5 
25 - 35 
35 - 55 
55 - 65 
25 
10 
20 
10 
215 
Lithology 
Fine medium sand 
Clay 
Fine sand 
Clay and kankar 
Fine sand and sandstone 
Clay 
Fine sand 
Medium sand 
Coarse sand and kankar 
Fine sand 
Medium coarse sand 
Clay 
Depth range in 
feet b.g.l. 
65 
98 
123 
133 
158 
175 
197 
207 
217 
222 
244 
300 
^ 
-
-
-
-
-
-
-
-
-
-
. 
98 
123 
133 
158 
175 
197 
207 
217 
222 
244 
300 
309 
Thickness 
In feet 
33 
25 
10 
25 
17 
22 
10 
10 
5 
22 
56 
9 
TUBE WELL NO. 45 
Village - Bhera Sadat (Muzaffarnagar group) 
Clay 
Fine sand 
Fine medium sand 
Fine sand 
Medium sand 
0 - 1 0 
10 . 40 
40 . 80 
80 - 100 
00 - 120 
10 
30 
40 
20 
20 
contd 
216 
Lithology Depth range in 
feet b.g.l. 
Thickness 
in feet 
Sandy clay 
Medium sand 
Clay and kankar 
Fine sand 
Medium sand and sandstone 
Medium sand 
Sand and kankar 
Medium sand 
Fine and medium sand 
Medium coarse'sand 
Medium sand and sandstone 
Medium sand 
120 -
130 -
176 -
190 -
200 -
250 -
265 -
275 -
290 -
310 -
320 -
330 -
130 
176 
190 
200 
250 
265 
275 
290 
310 
320 
330 
360 
10 
46 
14 
10 
50 
15 
10 
15 
20 
10 
10 
30 
TUBE WELL NO. 17 
Village - Kairana (Kairana group) 
Clay 
Medium sand 
Fine medium sand 
Fine sand 
Clay and kankar 
0 - 1 0 
10 - 30 
30 - 40 
40 - 70 
70 - 84 
10 
20 
10 
30 
14 
contd 
217 
Lithology Depth range In 
•"••feet b.g.l. 
Thickness 
in feet 
Fine sand 
Medium sand 
Clay 
Sandy clay 
Kankar mixed clay 
Medium coarse sand 
Clay and kankar 
Fine sand 
Clay 
Medium sand 
Sand and.kankar 
Medium sand 
Clay sand and kankar 
Medium sand 
Fine medium sand 
Clay sand and kankar 
Medium sand 
Clay and kankar 
84 -
100 -
124. -
129 -
156 -
160 -
185 -
192 -
200 -
208 -
224 -
230 -
272 -
280 -
290 -
300 -
309 -
324 -
100 
124 
129. 
156 
160 
185 
192 
200 
208 
224 
230 
272 
280 
290 
300 
309 
324 
339 
16. 
24 
5 
27 
4 
25 
7 
8 
8 
16 
6 
42 
8 
10 
10 
9 
15 
15 
contd, 
218 
Lithology 
TUBE WELL HO. 6 
Village - Irolia (Muzaffarnaq 
Clay 
Sand clay 
Clay 
Fine sand and Pebble 
Sand and kankar 
Medium sand 
Clay 
Fine sand 
Medium sand 
Fine sand 
Clay 
Fine sand 
Fine medium sand 
Medium sand 
Clay 
Depth range in 
feet b.g.l. 
ar group) 
0 -
5 -
45 . 
85 -
102 -
106 -
122 -
147 -
190 -
210 -
220 -
230 -
280 -
290 -
300 -
5 
45 
85 
102 
106 
122 
147 
190 
210 
220 
230 
280 
290 
300 
322 
Thickness 
in feet 
5 
40 
40 
17 
4 
16 
25 
43 
20 
10 
10 
50 
10 
10 
22 
contd•••• 
219 
Llthology 
TUBE WELL MO* 22 
Village - UN (Kairana group) 
Surface clay 
Fine sand 
Clay 
Fine sand 
Fine medium sand 
Fine sand 
Clay and kankar 
Medium sand 
Coarse sand 
Medium sand pebble 
Clay 
Sandstone 
Fine medium sand 
Sandy and kankar 
Medium sand and kankar 
Medium sand and pebble 
Clay and kankar 
Fine sand 
Fine medium sand 
Depth range in 
feet b.g.l. 
0 
10 
20 
30 
50 
70 
90 
100 
120 
140 
150 
156 
171 
181 
191 
201 
209 
244 
252 
- 10 
- 20 
- 30 
- 50 
- 70 
- 90 
-100 
- 120 
- 140 
- 150 
- 156 
- 171 
- 181 
- 191 
- 201 
- 209 
- 244 
- 252 
. 262 
Thickness 
in feet 
10 
10 
10 
20 
20 
20 
10 
20 
20 
10 
6 
15 
10 
10 
10 
8 
35 
8 
10 
220 
Lithology 
Clay 
Fine sand 
Fine medium sand 
Clay 
Medium sand and sandstone 
Medium sand 
Clay 
Depth range In 
feet b.g.l. 
262 - 272 
272 - 282 
282 - 292 
292 - 307 
307 - 317 
317 - 322 
322 - 334 
Thickness 
in feet 
10 
10 
10 
15 
10 
5 
12 
TUBE WELL NO. 9 
Village - Budhana (south Loi Group) 
Clay and kankar 
Kankar 
Clay 
Fine sand 
Clay and kankar 
Fine sand 
Hard clay 
Clay 
Fine sand 
Medium sand and pebbles 
Coarse sand and pebbles 
0 
46 
55 
90 
100 
130 
140 
164 
179 
184 
199 
-
-
-
-
-
-
-
aw 
-
-
„ 
46 
55 
90 
100 
130 
140 
164 
179 
184 
199 
249 
46 
9 
35 
10 
30 
10 
24 
15 
5 
15 
50 
contd•.• 
221 
Lithology Depth range In 
£eet b.g.l. 
Thickness 
In feet 
Medium sand 
Clay 
Medium sand 
Fine sand 
Coarse sand 
Clay 
249 - 259 
259 . 285 
285 - 299 
299 - 308 
308 - 312 
312 - 319 
10 
26 
14 
9 
4 
7 
TUBEWELL NO. 29 
Village - Buddha Khera 
Sandy surface 
Clay 
Fine sand 
Medium sand 
Clay 
Fine sand 
Clay and kankar 
Fine sand and sandstone 
Fine sand 
Medium sand 
Clay 
Medium sand and sandstone 
Coarse sand and sandstone 
Clay and kankar 
Medium sand and sandstone 
Clay and kankar 
0 
4 
10 
22 
33 
39 
60 
73 
89 
93 
101 
165 
182 
201 
319 
337 
-
-
-
-
-
-
-
-
-
-
4 
10 
22 
33 
39 
60 
73 
89 
93 
101 
165 
182 
201 
319 
337 
347 
4 
6 
12 
11 
6 
21 
13 
16 
4 
8 
64 
17 
19 
118 
18 
10 
